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(54) METHOD FOR MANUFACTURING ACTIVE MATERIAL OF POSITIVE PLATE 
FOR MANUFACTURING NONAQUEOUS ELECTROLYTE SECONDARY CELL 

(57) In a method for producing a positive electrode 
active material including a mixing step of mixing a plu- 
rality of substances to give a precursor and a sintering 
step of sintering and reacting said precursor obtained 
by said mixing step, in which these substances prove a 
starting material for synthesis of a compound repre- 
sented by the general formula Li x M y P0 4 where x is 
such that 0 < x < 2, y is such that 0.8 < y < 1 .2 and M . 
includes at lest one of 3d transition metals,, a reducing 
agent is added in the above mixing step to said precur- 
sor to render it possible to prepare a positive electrode 
active material capable of reversibly and satisfactorily 
doping/undoping lithium. 
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Description 



Technical Field 



[0001] This 
ducing a positive 
ble of reversibly 
for producing a non 
tery employing this 

Background Art 



invention relates to a method for pro- 
ode active material that is capa- 
dopin^/undoping lithium, and a method 
sous electrolyte secondary bat- 
pojsitive electrode active material. 
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[0002] Recently, with the marked progress in a vari- 
ety of electronic equipment, researches in a rechargea- 
ble secondary battery, as a battery that can be used 
conveniently and eco lomicalty for prolonged time, are 
underway. Typical of the known secondary batteries are 
a lead battery, an alkali storage battery and a lithium 
secondary battery. 
[0003] Of these secondary batteries, a lithium sec 
ondary battery has advantages as to high output and 
high energy density. The lithium secondary battery is 
made up at least of positive and negative electrodes, 
containing active materials capable of reversibly intro- 
ducing and removing lithium ions, and a non-aqueous 
electrolyte. 

[0004] Currently, LiCoC0 2 is widely exploited as a 
positive electrode active material of a lithium ion sec- 
ondary battery havinci a potential of 4V with respect to 
the lithium potential. This LiCoC0 2 is of a high energy 
density and a high vo tage and is an ideal positive elec- 
trode material in many respects. However, Co is local- 
ized in distribution and represents a rare resources, with 
the result that, if LiC oC0 2 is used as a positive elec- 
trode active material, the cost is raised, whilst stable 
supply is difficult 
[0005] Therefore, 
material based on Ni, 
ply and inexpensive, 



development of a electrode active 
Mn or Fe, that is abundant in sup- 
s desirable. For example, LiNi0 2 , 
based on Ni, has a large theoretical capacity and a high 



discharging potential 



However, in a battery employing 



LiNi0 2 , the LiNi0 2 crystal structure collapses with the 
charging/discharging cycles, so that the discharging 
capacity is lowered. On the other hand, LiNi0 2 suffers a 
drawback or poor the -mal stability. 
[0006] As an Mn -based electrode active material, 
there is proposed L Mn 2 0 4 having a positive spinel 
structure and a spatial set Fd3m. This LiMn 2 0 4 has a 
high potential of the order of 4V, with respect to the lith- 
ium potential, which is equivalent to that of LiCoC0 2 
Moreover, the LiMn 2 0 4 is a highly promising material 
since it is easy to synthesize and has a high battery 
capacity. However, the battery constructed using 
LiMn 2 0 4 is deteriorated in battery capacity since Mn is 
dissolved in the electrolytic solution with the charg- 
ing/discharging cycles so that it is insufficient in stability 
or cycle characteristics. 
[0007] On the other hand, such a material having 



LiFe0 2 as a basic structure is being researched as an 
Fe-based electrode active material. Although LiFe0 2 
has a structure similar to that of LiCoC0 2 or LiMn 2 0 4 , it 
is unstable in structure and difficult to synthesize. 

5 [0008] On the other hand, a compound having an 
ol'rvinic structure as a positive electrode active material 
of the lithium secondary battery, such as, for example, a 
compound represented by the general formula 
Li x M y P0 4 , where x is such that 0 < x < 2, y is such that 

10 0.8 < y < 1 .2 and M contains at least one of 3d transition 
metals (Fe, Mn, Co and Ni), is retained to be a promis- 
ing material. 

[0009] It is proposed in Japanese Laying-Open Pat- 
ent H-9-1 71 827 to use e.g., LiFeP0 4 , amongst the com- 

15 pounds represented by the general formula Li x M y P0 4 , 
as a positive electrode of a lithium ion battery. This 
LiFeP0 4 has a theoretical capacity as large as 170 
mAh/g and contains one Li atom, that can be electro- 
chemically doped/undoped in an initial state, per Fe 

20 atom, and hence is a promising material as a positive 
electrode active material for the lithium ion battery. 
[0010] Conventionally, this LiFeP0 4 has been syn- 
thesized by sintering at a higher temperature of 800°C, 
under a reducing environment, using a bivalent iron salt, 

25 such as iron phosphate Fe 3 (P0 4 ) 2 or iron acetate 
Fe(CH 3 COO) 2 , as an Fe source which proves a starting 
material for synthesis. 

[001 1 ] However, Fe 2+ is sensitive to a trace amount 
of oxygen contained in a synthesizing atmosphere and 

30 is readily oxidized to Fe 34 *. The result is that trivalent iron 
compounds tend to co-exist in the produced Fe 3 (P0 4 ) 2 
to render it difficult to acquire single-phase LJFeP0 4 . 
[0012] It is reported in the above Publication that an 
actual battery fabricated using the Fe3(P0 4 ) 2 synthe- 

35 sized by the above-described synthetic method has an 
actual capacity only as low as approximately 60 mAh/g 
to 70 mAh/g. Although the actual capacity of the order of 
120 mAh/g is subsequently reported in the Journal of 
the Electrochemical Society, 144,1 188 (1997), it cannot 

40 be said that a sufficient capacity has been achieved, in 
consideration that the theoretical capacity is 1 70 mAh/g. 
[0013] If is LiFeP0 4 is compared to LiMn 2 0 4 , the 
former has a volumetric density of 3.6 g/cm 3 and an 
average voltage of 3.4 V, whereas latter has a voiumet- 

45 ric density of 4.2 g/cm 3 and an average voltage of 3.9 V, 
with the capacity being 120 mAh/g. So, LiFeP0 4 is 
lower than LiMn 2 0 4 by approximately 10% in both the 
voltage and volumetric density. So, for the same capac- 
ity of 1 20 mAh/g, LiFeP0 4 is lower than UMn 2 0 4 by not 

so less than 10% and by not less than 20% in weight 
energy density and in volumetric energy density, 
respectively. Thus, in order to realize the energy density 
of LiFeP0 4 which is of the level equivalent to or higher 
than LiMn 2 0 4 , the capacity of 140 mAh/g or higher is 

55 required. However, this high capacity has not been real- 
ized with LiFeP0 4 . 

[0014] On the other hand, LiFeP0 4 obtained by the 
conventional synthesizing method is lower in electrical 



2 
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conductivity than the positive electrode active material, 
such as LiMn 2 0 4 , and hence suffers the problem of low 
load characteristics and poor molding performance. So, 
in order to prepare an electrode using LiFeP0 4 as the 
positive electrode active material, a large quantity of 5 
electrically conductive material, such as acetylene 
black, needs to be added, with the result that a non- 
aqueous electrolyte secondary battery employing 
LiFeP0 4 as a positive electrode active material suffers a 
drawback that the energy density of the electrode is 10 
smaller, with the electrode molding performance being 
also lowered. 



Disclosure of the Invention 
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[001 5] It is an object of the present invention to pro- 
vide a method for producing a positive electrode active 
material in which mixing of an oxidized 3d transition 
metal into a compound represented by the general for- 
mula Li x M y P0 4 to realize a high capacity and a method 20 
for producing a high-capacity non-aqueous electrolyte 
secondary battery employing this positive electrode 
active material. It is a particular object of the present 
invention to provide a method for producing a positive 
electrode active material in which mixing of an oxidized 25 
3d transition metal into a compound represented by the 
general formula Li x M y P0 4 and a method for producing a 
high-capacity non-aqueous electrolyte secondary bat- 
tery by employing this positive electrode active material 
to realize a high capacity in case the compound repre- 30 
sented by the general formula Li x M y P0 4 is LiFeP0 4 . 
[0016] For accomplishing the above object, the 
present invention provides a method for producing a 
positive electrode active material including a mixing 
step of mixing a plurality of substances to give a precur- 35 
sor, the substances proving a starting material for syn- 
thesis of a compound represented by the general 
formula Li x M y P0 4 where x is such that 0 < x < 2, y is 
such that 0.8 < y < 1 .2 and M includes at lest one of 3d 
transition metals, and a sintering step of sintering and 40 
reacting the precursor obtained by the mixing step, 
wherein a reducing agent is added to the precursor in 
the mixing step. 

[0017] In the method for producing the positive 
electrode active material according to the present inven- 45 
tion, in which the reducing agent is added to the precur- 
sor in the mixing step, it is possible to prevent the 3d 
transition metal M in the starting material for synthesis 
from being oxidized by the residual oxygen to yield sin- 
gle-phase Li x M y P0 4 free of impurities. so 
[0018] The present invention also provides a 
method for producing a non-aqueous electrolyte sec- 
ondary battery having a positive electrode containing a 
positive electrode active material capable of reversibly 
doping/undoping lithium, a negative electrode mounted 55 
facing the positive electrode and capable of reversibly 
doping/undoping lithium, and a non-aqueous electrolyte 
interposed between the positive electrode and the neg- 



ative electrode, in which the positive electrode active 
material is produced by a method including a mixing 
step of mixing a plurality of substances, proving a start- 
ing material for synthesis of a compound represented 
by the general formula Li x M y P0 4 whe re x is such that 0 

< x < 2, y is such that 0.8 < y < 1 .2 anc M includes at lest 
one of 3d transition metals, to give a precursor, and a 
sintering step of sintering and reacting the precursor 
obtained by the mixing step, wherein a reducing agent is 
added to the precursor in the mixing step to prepare the 
positive electrode active material. | 

[0019] In the method for producing the non-aque- 
ous electrolyte secondary battery according to the 
present invention, in which the reducing agent is added 
to the precursor in the mixing step in the preparation of 
the positive electrode active material, it is possible to 
prevent the 3d transition metal M in the starling material 
for synthesis from being oxidized by th e residual oxygen 
to yield single-phase Li x M y P0 4 free of impurities. 
[0020] The present invention also provides a 
method for producing a positive electrode active mate- 
rial including a mixing step of mixing a plurality of sub- 
. stances proving a starting material for synthesis of a 
compound represented by the general formula 
Li x M y P0 4 where x is such that 0 < x < 2, y is such that 
0.8 < y < 1.2 and M includes at lest one of 3d transition 
metals, to give a precursor, a de-aerat ng step of remov- 
ing air contained in the precursor obtained in the mixing 
step, a sintering step of sintering and reacting the pre- 
cursor obtained by the mixing step. 
[0021] In the method for producing the positive 
electrode active material according to :he present inven- 
tion, in which air contained in the precursor in the de- 
aerating step is removed in the de-serating step, it is 
possible to prevent the 3d transition m 3tal M in the start- 
ing material for synthesis from being oxidized by the 
residual oxygen to yield single-phase Li x M y P0 4 free of 
impurities. 

[0022] The present invention :ilso provides a 
method for producing a non-aqueous electrolyte sec- 
ondary battery having a positive electrode containing a 
positive electrode active material capable of reversibly 
doping/undoping lithium, a negative e ectrode mounted 
facing the positive electrode and capable of reversibly 
doping/undoping lithium, and a non-ac ueous electrolyte 
interposed between the positive electrode and the neg- 
ative electrode, in which the positive electrode active 
material is produced by a method ir eluding a mixing 
step of mixing a plurality of substances, proving a start- 
ing material for synthesis of a compound represented 
by the general formula Li x M y P0 4 whe e x is such that 0 

< x < 2, y is such that 0.8 £ y < 1.2 and M includes at 
least one of 3d transition metals, to g ve a precursor, a 
de-aerating step of de-aerating air contained in the pre- 
cursor obtained in the mixing step an i a sintering step 
of sintering and reacting the precursor obtained in a 
state free of air by the de-aerating step. 

[0023] In the method for producing a non-aqueous 



H 



3 



electrolyte secondary 
invention, in which, in 



active material supe 
molding performance 
a high capacity, and 



substances proving a 
compound 
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battery according to the present 
preparing the positive electrode 
active material, any ktr contained in the precursor is 
removed in the deaer4ting process in the preparation of 

active material, it is possible to 5 
prevent the 3d transition metal M in the starting material 
for synthesis from being oxidized by the residual oxygen 
to yield single-phase. Li x M y P0 4 free of impurities. 
[0024] It is another object of the present invention to 
provide a method for producing a positive electrode 10 



added to the starting material for synthesis or to the pre- 
cursor. Since the positive electrode active material 
exhibits satisfactory load characteristics and electrode 
molding performance, the produced non-aqueous elec- 
trolyte secondary battery is of a high capacity. 

Brief Description of the Drawings 



[0029] 



lor in load characteristics and 
and which is capable of realizing 
a method for producing a non- 
aqueous electrolyte secondary battery which, through 
the use of ths positive electrode active material, has a is 
high capacity approaching to the theoretical capacity of 
170 mAh/g. 

[0025] For accomplishing this object, the present 
method for producing a positive 
electrode active material including a mixing step of mix- 20 
ing a plurality of substances to give a precursor, the 
starting material for synthesis of a 
represented by the general formula 
Li x M y P0 4 where x is isuch that 0 < x < 2, y is suoh that 
0.8 < y < 1 .2 and M includes at lest one of 3d transition 25 
metals, and a sinterincj step of sintering and reacting the 
precursor obtained by the mixing step, wherein an elec- 
trically conductive agent is added to the starting mate- 
rial for synthesis or to the precursor. 
[0026] In the method for producing a positive elec- 
trode active material s.ccording to the present invention, 
in which an electrically conductive agent is added to the 
starting material for synthesis or to the precursor, the 
produced positive electrode active material exhibits 
superior load characteristics and electrode molding per- 
formance, to realize a high capacity. 
[0027] The present invention also provides a 
method for producing a non-aqueous electrolyte sec- 
ondary battery having a positive electrode active mate- 
rial capable of reversibly doping/undoping lithium, a 
negative electrode rrounted facing the positive elec- 
trode and capable of rsversibly doping/undoping lithium, 
and a non-aqueous electrolyte interposed between the 
positive electrode and the negative electrode, wherein 
the positive electrode active material is synthesized by a 
mixing step of mixing a plurality of substances, proving 
a starting material for synthesis of a compound repre- 
sented by the general formula Li x M y P0 4 where x is 
such that 0 < x < 2, y is such that 0.8 < y < 1 .2 and M 
includes at lest one of 3d transition metals, to give a pre- so 
cursor, and a sintering step of sintering and reacting the 
precursor obtained by the mixing step, and wherein an 
electrically conductive agent is added to the starting 
material for synthesis! or to the precursor to synthesize 
the positive electrode active material. ss 
[0028] In the melhod for producing the non-aque- 
ous electrolyte secondary battery according to the 
present invention, an electrically conductive agent is 



30 



35 



40 
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Fig.1 is a cross-sectional view showing an illustra- 
tive structure of a non-aqueous electrolyte second- 
ary battery embodying the present invention. 

Fig.2 is a graph showing a powder X-ray diffraction 
pattern of LiFeP0 4 synthesized in Example 1 . 

Fig.3 is a graph showing a powder X-ray diffraction 
pattern of LiFeP0 4 synthesized in Comparative 
Example 1 . 

Fig.4 is a graph showing charging/discharging 
characteristics of the battery of Example 1 . 

Fig.5 is a graph showing the relation between the 
number of cycles and the charging/discharging 
capacity of the battery of Example 1 . 

Hg.6 is a graph showing the charging/discharging 
characteristics of the battery of Comparative Exam- 
ple 1. 

Fig. 7 is a graph showing the relation between the 
number of cycles and the charging/discharging 
capacity of the battery of Comparative Example 1 . 

Fig. 8 is a graph showing a powder X-ray diffraction 
pattern of LiFeP0 4 synthesized in Example 3. 

Fig.9 is a graph showing a powder X-ray diffraction 
pattern of LiFeP0 4 synthesized in Comparative 
Example 2. 

Fig.10 is a graph showing the charging/discharging 
characteristics of the battery of Example 3. 

Rg.1 1 is a graph showing the relation between the 
number of cycles and the charging/discharging 
capacity of the battery of Example 3. 

Fig.12 is a graph showing the relation between the 
sintering temperature in synthesizing LiFeP0 4 . 

Fig.13 is a graph showing the charging/discharging 
characteristics of the battery of Comparative Exam- 
ple 2. 

Fig.1 4 is a graph showing the relation between the 
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number of cycles and the charging/discharging 
capacity of the battery of Comparative Example 2. 

Fig. 15 is a graph showing a powder X-ray diffrac- 
tion pattern of an LiFeP0 4 carbon complex material 5 
synthesized in Example 7. 

Fig. 16 is a graph showing a powder X-ray diffrac- 
tion pattern of an LiFeP0 4 carbon complex material 
synthesized in Example 8. w 

Fig. 17 is a graph showing a powder X-ray diffrac- 
tion pattern of an LiFeo 5 Mn 0 5 P0 4 carbon complex 
material synthesized in Example 9. 

75 

Fig. 18 is a graph showing a powder X-ray diffrac- 
tion pattern of an LiFeP0 4 carbon complex material 
synthesized in Comparative Example 7. 

Fig. 19 is a graph showing the charging/discharging 20 
characteristics of the battery of Example 7. 



Fig.20 is a graph showing the relation between the 
number of cycles and the charging/discharging 
capacity of the battery of Example 7. 

Fig.21 is a graph showing load characteristics of a 
battery of Example 8. 

Fig.22 is a graph showing the charging/discharging 
characteristics of the battery of Example 9. 

Fig.23 is a graph showing load characteristics of 
batteries of Example 7 and Comparative Example 
1. 

Fig. 24 is a graph showing the charging/discharging 
characteristics of the battery of Comparative Exam- 
ple 4. 

Fig. 25 is a graph showing powder X-ray diffraction 
patterns of LiFeP0 4 carbon complex material syn- 
thesized in Examples 10 to 12. 
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Fig.26 is a graph showing powder an X-ray diffrac- 45 
tion pattern of LiFeP0 4 synthesized in Comparative 
Example 5. 

Fig. 27 is a graph showing the charging/discharging 
characteristics of the battery of Example 11. so 

Fig. 28 is a graph showing the charging/discharging 
characteristics of the battery of Example 12. 

Fig.29 is a graph showing the charging/discharging 55 
characteristics of the battery of Comparative. Exam- 
ple 4. 



Fig.30 is a graph showing volumetric 
tribution of the LiMnP0 4 carbon 
of Examples 10 to 12 and LiMnPp, 
Example 5. 



Rg.31 is a graph showing the volumetric grain size 
distribution of the LiMnP0 4 carbon complex mate- 
rial of Example 12 in integrated values of the 
passed portions. 
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active 



xCOyPO, 



.Co), 



On ' 



[0030] The present 
explained in detail. 

[0031] A non-aqueous electrolyt 
tery, manufactured in accordance 
invention, is a so-called lithium 
includes, as basic constituent elemenjts 
trode, containing a positive electrode 
negative electrode and a non-aqueous 
[0032] This positive electrode 
tains a compound having an olivinic 
is represented by the general formula 
x is such that 0 < x < 2, y is such thai 
M contains at least one of 3d transition 
[0033] The compounds 
formula Li x M y P0 4 may be enumeratejd 
Li x FeyP0 4 , Li x MnyP0 4 , Li. 
Li x Cu y P0 4 , Li x (Fe, Mn) y P0 4 , Li x (Fe, 
Ni) y P0 4 , Li x (Cu, Mn)yP0 4f Li x (Cu 
Ni) y P0 4 , where the proportions of e 
theses 0 are arbitrary. 
[0034] The compound represented 
formula Li x M y P0 4 preferably contains 
particle size not larger than 1 0 um 
the specific surface area of the 
by the general formula uxMyP04 ,s 
than 0.5 m 2 /g. 

[0035] In preparing a compound 
general formula Li x M y P0 4 as the 
tive electrode active material, plural 
starting material for synthesis of the 
sented by the general formula Li x l 
together to prepare a precursor by 
The precursor prepared in the mixing 
sintered and reacted by a sintering 
agent is added to the precursor in the 
[0036] The method for preparing 
compound represented by the 
Li x M y P0 4 , is now explained. 
[0037] In the mixing process 
(FeC 2 0 4 ), as a starting material for 
nium hydrogen phosphate (NH 4 H 2 POU) 
bonate (Li 2 C0 3 ) are mixed together 
and added to with e.g., iron powders 
agent. These substances are mixed 
precursor. 

[0038] In the sintering process, thi 



grain size dis- 
complex material 
> 4 of Comparative 



is hereinafter 



e secondary bat- 
with the present 
battery, and 
a positive elec- 
active material, a 
electrolyte, 
material con- 
s^ructure and which 
Li x M y P0 4 , where 
0.8 < y < 1 .2 and 
metals. 

i by the general 
by, for example, 
' 4f Li x Ni y P0 4 , 
Co)yP0 4 , Li x (Fe, 
y P0 4 and Li x (Cu, 
ements in paren- 



by the general 
particles with the 
the other hand, 
compbund represented 
preferably not less 



afor ementioned i 



process. 



represented by the 
posi- 

substances as 
compound repre- 
l y P0 4 are mixed 
i mixing process, 
process is then 
A reducing 
mixing process. 
LiFePQ 4 , as the 
general formula 

iron oxalate 
synthesis, ammo- 
and lithium car- 
in a pre-set ratio 
(|Fe) as a reducing 
sirfficientry to give a 



s precursor is sin- 



5 



into 1 
to 1 



i oxalate 



Fe : 



from 



tered at a pre-set 
inert gas, such as ni 
[0039] tf air is left] 
LiFeP0 4 , Fe 2+ in iron 
pound, tends to be ox 
As a resuit, the 
mixed as an impurity 
[0040] According 
ders are added as a 
ess. If Fe 2+ in iron 
is oxidized to Fe 3 * by 
cursor, the iron 
reduces this Fe 3 * to 
lent iron compound 
LiFeP0 4 , it is 
LiFeP0 4 . 

[0041] The iron 
forms a part of the 
synthesized into LiFetfO, 
reducing agent t 
for synthesis of LiFePjQ 
impurities, so that sin 
duced. If the reducing 
LiFeP0 4 , the single-p 
without the risk of 
reducing agent is used 
necessity of removing 
the end of the reactioh 
size LiFeP0 4 efficiently. 
[0042] If iron 
reducing agent or of. 
synthesis, these iron 
the precursor in an 
wt% based on the suhn 
material. If the amounl 
less than this value, 
vented sufficiently, 
powders (Fe) are lowjer 
oxalate (FeC 2 0), the 
does not proceed su 
powders exceeds 30 
addition of the iron 
based on the weight 
is possible to prohibit 
single-phase LiFeP0 4 
reaction! 

[0043] As the 

acid or hydrogen may 
insofar as no solid 
process. 

[0044] I n th e p rese nt 
ing agent is added to 
to suppress generation 
trace oxygen, and the 
stream, it has become 
at a temperature e.g 
lower than the 
Stated differently, 



temberature in an atmosphere of an 
itrogen. This synthesizes LiFeP0 4 . 
in the precursor in synthesizing 
oxalate, as a bivalent iron com- 
idized with oxygen in air to Fe 3 *. 
trivalient iron compound tends to be 
the synthesized LiFeP0 4 . 
the present invention, iron pow- 
reducing agent in the mixing proc- 
, as a bivalent iron compound, 
6xygen in air contained in the pre- 
powders contained in the precursor 
2+ - Since this prohibits the triva- 
mixing into the synthesized 
possible to produce single-phase 



On 



i powd 

:o : 
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powder, added as a reducing agent, 
statting material for synthesis, and is 
4 as an ultimate product. If the 
a part of the starting material 
' 4 , there is no fear of mixing of 
gle-phase LiFeP0 4 may be pro- 
agent is used as a part of 
lase LiFeP0 4 may be produced 
mix ng of impurities. Moreover, if the 
as a part of LiFePO^ there is no 
the reducing agent left over after 
to render it possible to synthe- 

powjders are used as a part of the 
ihe starting material for LiFeP0 4 
powders are desirably added to 
amount ranging from 1 wt% to 30 
total of Fe in the iron starting 
of addition of the iron powders is 
oxidation of Fe 2+ cannot be pre- 
the other hand, since the iron 
n reactivity than Fe 2+ in iron 
r eaction of synthesis of LiFeP0 4 
if iciently if the amount of the iron 
wt%. By setting the amount of 
ers in a range from 1 to 30 wt% 
Fe in the iron starting material, it 
oxidation of Fe 2 * to produce the 
without obstructing the synthetic 



reducing agent, oxalic acid, formic 
be used in place of iron powders, 
product is left over after the sintering 



technique, in which the reduc- 
1 he precursor as described above 
of trivalent iron compounds by 
precursor is sintered in a nitrogen 
possible to synthesize LiFeP0 4 
of 300°C which is appreciably 
conventional temperature of 800°C. 
UFeP0 4 can be synthesized over a 



broader temperature range than heretofore to increase 
the latitude of selection of the precursor sintering tem- 
perature, referred to below simply sintering tempera- 
ture. If the sintering temperature is as high as 800°C, as 
5 in the conventional system, the energy consumption is 
correspondingly increased, whilst the load imposed on 
reaction apparatus etc is also increased. 
[0045] The present inventors have directed atten- 
tion to the relation between the precursor sintering tem- 
10 perature in synthesizing LiFeP0 4 and the battery 
employing LiFeP0 4 as the active material and investi- 
gated into an optimum sintering temperature for synthe- 
sizing LiFeP0 4 in realization of a high capacity. 
[0046] As a result, it has been found that the sinter- 
15 ing temperature for sintering the LiFeP0 4 precursor is 
desirably not lower than 350°C and not higher than 
790°C. If the sintering temperature is lower than 350°C, 
there is a risk that the chemical reaction and crystalliza- 
tion do not proceed sufficiently, such that homogeneous 
20 LiFeP0 4 cannot be produced. On the other hand, if the 
sintering temperature is higher than 790°C, there is a 
risk that crystallization proceeds excessively to obstruct 
lithium diffusion. So, by sintering the precursor at a tem- 
perature not lower than 350°C and not higher than 
790°C, to synthesize LiFeP0 4 , homogeneous LiFeP0 4 
can be produced to realize a high capacity exceeding 
120 mAh/g which is the capacity of LiFeP0 4 produced 
by the conventional method. 

[0047] It is more desirable that the sintering temper- 
ature be not lower than 450°C and not higher than 
700°C. By sintering the precursor in a temperature 
range from 450°C to 700°C, it is possible to realize the 
high real capacity approaching to 170 mAh/g which is 
the theoretical capacity of LiFeP0 4 . 
[0048] In the above-described manufacturing 
method for the positive electrode active material, in 
which a reducing agent is added to the precursor in syn- 
thesizing Li x M y P0 4 , it is possible to prevent oxidation of 
M as a 3d transition metal, so that the single-phase 
Li x M y P0 4 , can be produced without mixing of impuri- 
ties. Moreover, Li x M y P0 4 , can be produced at a sinter- 
ing temperature lower than in the conventional system. 
So, with the present manufacturing method for the pos- 
itive electrode active material, Li x M y P0 4 can be pro- 
45 duced with which it is possible to realize a high capacity. 
[0049] By using Li x M y P0 4 , synthesized as 
described above, it is possible to produce a non-aque- 
ous electrolyte secondary battery of high capacity and 
superior cyclic characteristics and lithium ion dop- 
so ing/undoping performance. 

[0050] On the other hand, Li x M y P0 4 as a positive 
electrode active material can be produced as follows: 
First, plural materials as a starting material for synthesis 
of a compound represented by the general formula 
55 Li x MyP0 4 are mixed to give a precursor by a mixing 
process. Then, air contained in the precursor obtained 
by the mixing process is removed by way of a de-aerat- 
ing process. The precursor freed of air by the de-aerat- 
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ing process is sintered and reacted by a sintering 
process to produce Li x M y P0 4 . 

[0051] Another method for synthesizing e.g., 
LiFeP0 4 as a compound represented by the general 
formula Li x M y P0 4 is hereinafter explained. s 
[0052] In the mixing process, iron acetate 
(Fe(CH 3 COO) 2 ), hydrogen ammonium phosphate 
(NH 4 H 2 P0 4 ) and lithium carbonate (Li 2 C0 3 ) are mixed 
at a p re-set ratio to give the precursor. 
[0053] In the de-aerating process, the precursor is 10 
homogenized sufficiently and de-aerated to remove air 
contained in the precursor. As the de-aerating process- 
ing, the atmosphere of the precursor is replaced by vac- 
uum to introduce an inert gas. This removes air 
contained in the precursor. As another example of the 15 
de-aerating process, a solvent with a boiling point not 
higher than 250°C is made to co-exist with the precursor 
to vaporize off the solvent into the inert gas. This 
removes air contained in the precursor. The solvent boil- 
ing at 250°C or lower may be exemplified by, for exam- 20 
pie, water and ethanol. 

[0054] In the sintering process, the precursor from 
the de-aerating processing is sintered at a p re-set tem- 
perature in an atmosphere of an inert gas, such as nitro- 
gen. This synthesizes LiFeP0 4 . 25 
[0055] If air is left in the precursor at the time of syn- 
thesis of LiFeP0 4 , Fe 2+ in iron acetate as a bivalent iron 
compound may be oxidized by oxygen in air and thereby 
turned into Fe 3 *. So, the trivalent iron compound may 
be mixed as an impurity In the synthesized LiFeP0 4 . 30 
[0056] According to the present invention, the air 
contained in the precursor is removed by the de-aerat- 
ing process to prevent oxidation of Fe 2+ contained in 
iron acetate. In this manner, no trivalent iron compound 
is mixed into synthesized LiFeP0 4 to make it possible to 35 
produce single-phase LiFeP0 4 . 

[0057] The sintering temperature, which is the tem- 
perature of sintering the precursor in synthesizing 
LiFeP0 4 , is desirably not lower than 350°C and not 
higher than 790°C, as in the case of the range of the sin- 40 
tering temperature. 

[0058] In the above-described manufacturing 
method for the positive electrode active material, the air 
contained in the precursor is removed in synthesizing 
Li x M y P0 4 , thus preventing oxidation of M as a 3d transi- 45 
tion metal. This makes it possible to produce single- 
phase LiFeP0 4 free of impurities. Moreover, Li x M y P0 4 
can be synthesized at a lower sintering temperature. 
Thus, with the present manufacturing method for the 
positive electrode active material, Li x M y P0 4 , realizing a so 
high capacity, may be produced. 

[0059] By employing UxMyPO^ synthesized as 
described above, as the positive electrode active mate- 
rial, it is possible to produce a non-aqueous electrolyte 
secondary battery of high capacity and superior cyclic 55 
characteristics and lithium ion doping/undoping per- 
formance. 

[0060] Moreover, in synthesizing a compound sam- 



ple composed of Li x M y P0 4 and an e lectrically conduc- 
tive material, as a positive electrode active material 
containing Li x M v P0 4 , plural materials as a starting 
material for synthesis of Li x M y P0 4 are mixed to give a 
precursor by a mixing process. The f >recursor obtained 
by the mixing process is then sintered and reacted by 
way of a sintering process. At this ti Tie, an electrically 
conductive material is added to the srarting material for 
synthesis or to the precursor. 

[0061] This electrically conductive material may be 
exemplified by carbon, silver or an electrically conduc- 
tive high polymer material. The carbon black may be 
exemplified by, for example, graphite, acetylene black or 
the like carbon black material. 

[0062] The electrically conductive material is desir- 
ably added in a range of 0.5 to 20 pari s by weight to 1 00 
parts by weight of Li x M y P0 4 . If the amount of the elec- 
trically conductive material is less than 0.5 wt%, it is 
likely that no sufficient effect can be achieved. If con- 
versely the amount of the electrically conductive mate- 
rial exceeds 20 wt%, the proportion of M as the main 
partner of the oxidation in the positive electrode active 
material is low such that the energy density of the non- 
aqueous electrolyte secondary battery is likely to be 
lowered. 

[0063] Therefore, if, in the positive electrode active 
material, the electrically conductive material is added in 
a range of 0.5 to 20 parts by weight to 100 parts by 
weight of Li x M y P0 4l load characteris:ics and electrode 
molding performance are improved, siuch that the non- 
aqueous electrolyte secondary batter/ having ths com-' 
pound sample as the positive electrode active material 
has a high capacity. 

[0064] As a manufacturing method for a compound 
sample as the positive electrode active material, a man- 
ufacturing method for synthesizing the LiFeP0 4 carbon 
compound material composed of LiFeP0 4 and carbon 
as the Li x M y P0 4 and as the electrically conductive 
material is hereinafter explained. 

[0065] In adding carbon to the precursor of the 
LiFeP0 4 , iron oxalate (FeC 2 0 4 ), ammonium hydrogen 
phosphate (NH 4 H 2 P0 4 ) and lithium carbonate (Li 2 C0 3 ) 
are sufficiently mixed in the mixing process to give a 
precursor, which precursor then is calcined at a lower 
temperature in an atmosphere of an inert gas, such as 
nitrogen. The calcined precursor and the carbon are 
mixed together and pulverized. In the sintering process, 
sintering is made at a preset temperature in an atmos- 
phere of an inert gas, such as nitrogen, to produce a 
LiFeP0 4 carbon compound material. 
[0066] If carbon is added to the starting material for 
synthesis of LiFeP0 4 , carbon is added and mixed at the 
outset in the mixing process to a starting material for 
synthesis composed of iron oxalate (FeC 2 04), ammo- 
nium hydrogen phosphate (NH 4 H 2 P0 4 ) and lithium car- 
bonate (U2CO3) and the resulting mixture is calcined at 
a lower temperature in an atmosphere of an inert gas, 
such as nitrogen. In the sintering process, the calcined 
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[0070] 

composed of Li x Mn y 
that 0 < x < 2 and y 
synthesized as the 
the above-described 
UFeP0 4 carbon 
that manganese c; 
hydrogen phosphate 
ate (Li 2 C0 3 ) are mixe 
use as a precursor, 
sor. 

[0071] The 

electrically conductivity 
curt. So, the present 
starting material for 
or its precursor to 
compound material, 
in this Li x Mn y P0 4 
sible to use this mater al 
material. 

[0072] In the 
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which the compound 
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sample composed of a corn- 
Where M is Mn the redox potential 
that of Fe, and an electrically 
example, a compound material 
1- X P0 4 and carbon, is to be syn- 
/e electrode active material, iron 
ajnmonium hydrogen phosphate 
carbonate (Li 2 C0 3 ), and man- 
tetraijiydride (Mn(CH 3 00) 2 •4H 2 0) or 
(MnC0 3 ) are mixed at a pre-set 
technique of synthesizing the 
combound material is used to prepare 
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and the electrically conductive material is to be synthe- 
sized, it is possible to synthesize a positive electrode 
active material having load characteristics and elec- 
trode molding performance more desirable than those 
of the positive electrode active material composed 
solely of LiM y P0 4 . Moreover, with the positive electrode 
active material, thus prepared, superior load character- 
istics and electrode molding performance are achieved, 
even if the amount of the electrically conductive material 
newly added at the time of preparing the electrodes is 
small, thus enabling the use of an electrically conduc- 
tive agent having a large volumetric density, such as 
graphite. 

[0073] So, the non-aqueous electrolyte secondary 
battery, containing this compound sample as the posi- 
tive electrode active material, is of high capacity and 
superior cyclic characteristics, because migration of 
electrons occurs smoothly in the electrodes. On the 
other hand, there is no necessity of adding a new elec- 
trically conductive agent to the positive electrode mix- 
ture of the non-aqueous electrolyte secondary battery, 
thus increasing the energy density. 
[0074] If, in the non-aqueous electrolyte secondary 
battery employing the positive electrode active material, 
synthesized as described above, the electrolyte used in 
a non -aqueous electrolyte secondary battery 1 is liquid, 
the non-aqueous electrolyte secondary battery 1 
includes a positive electrode 2, a positive electrode can 
3, accommodating the positive electrode 2, a negative 
electrode 4, a negative electrode can 5, accommodat- 
ing the negative electrode 4, a separator 6 mounted 
between the positive electrode 2 and the negative elec- 
trode 4 and an insulating gasket 7. The non-aqueous 
electrolyte is charged in the positive electrode 2 and in 
the negative electrode can 5. 

[0075] The positive electrode 2 is comprised of a 
positive electrode collector of, for example, an alumi- 
num foil, and a layer of a positive electrode active mate- 
rial containing the positive electrode active material, 
synthesized as described above. As a binder contained 
in the layer of the positive electrode active material, it is 
possible to use a known resin material routinely used as 
a binder for the layer of the positive electrode active 
material for this type of the non-aqueous electrolyte 
secondary battery. 

[0076] The positive electrode can 3, accommodat- 
ing the positive electrode 2, serves as an external posi- 
tive electrode for the non -aqueous electrolyte 
secondary battery 1 . 

[0077] The negative electrode 4 is formed e.g., by a 
foil of metal lithium operating as a negative electrode 
active material. If a material capable of doping/undoping 
lithium is used as the negative electrode active material, 
the negative electrode 4 is the layer, of the negative 
electrode active material containing the negative elec- 
trode active material and the negative electrode collec- 
tor on which is formed the layer of the negative 
electrode active material. As the negative electrode col- 
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lector, a nickel foil, for example, is used. As the negative 
electrode active material capable of doping/undoping 
lithium, metal lithium, lithium alloys, an electrically con- 
ductive high polymer material doped with lithium, and a 
laminated compound, such as a carbon material or a 5 
metal oxide, may be used. As a binder contained in the 
layer of the negative electrode active material, any suit- 
able known binders routinely used as a binder for the 
layer of the negative electrode active material for this 
sort of the non-aqueous electrolyte secondary battery 10 
may be used. 

[0078] The negative electrode can 5, accommodat- 
ing the negative electrode 4, serves as an external pos- 
itive electrode for the non-aqueous electrolyte 
secondary battery 1 . 15 
[0079] The separator 6, used for separating the 
positive electrode and the negative electrode from each 
other, may be formed of any suitable known materials 
routinely used as a separator for the layer of the nega- 
tive electrode active material for this sort of the non- 
aqueous electrolyte secondary battery. For example, a 
film of a high molecular material, such as polypropyl- 
ene, is used. From the relation between conductivity of 
lithium ions and the energy density, it is necessary that 
the thickness of the separator 6 be as thin as possible. 
Specifically, the thickness of the separator 6 of, for 
example, not more than 50 urn, is desirable. 
[0080] The insulating gasket 7 is built into and uni- 
fied with the negative electrode can 5 and serves for 
preventing leakage of the non-aqueous electrolytic solu- 
tion charged into the positive electrode can 3 and the 
negative electrode can 5. 

[0081] As the non-aqueous electrolytic solution, a 
solution obtained on dissolving the electrolyte in a non- 
protonic non-aqueous solvent is used. 35 
[0082] The non-aqueous solvent may be exempli- 
fied by, for example, propylene carbonate, ethylene car- 
bonate, butylene carbonate, vinylene carbonate, y- 
butyrolactone, sulforane, 1 ,2-dimethoxyethane, 1,2- 
diethoxyethane, 2-methyltetrahydrofuran, 3- methyl 1 ,3- 
dioxorane, methyl propionate, methyl lactate, dimethyl 
carbonate, diethyl carbonate and dipropyl carbonate. 
Especially, from voltage stability, cycfic carbonates, 
such as propylene carbonate or vinylene carbonate, or 
chain carbonates, such as dimethyl carbonate, diethyl 
carbonate or dipropyl carbonate, are preferably used. 
As this non-aqueous solvent, only one type non-aque- 
ous solvent or a mixture of two or more non-aqueous 
solvents may be used. 

[0083] As the electrolyte, dissolved in the non- so 
aqueous solvent, lithium salts, such as LiPF 6 , LiCI0 4 , 
LiAsF 6 , LiBF 4 , UCF3SO3 or LiN(CF 3 S0 2 )2, may be 
used. Of these lithium salts, LiPF 6 or LiBF 4 may prefer- 
ably be used. 

[0084] The non-aqueous electrolyte secondary bat- 55 
tery 1 is manufactured, e.g., by the following method: 
[0085] For preparing the positive electrode 2, the 
positive electrode active material and the binder are dis- 
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persed in a solvent to prepare a slurried positive elec- 
trode mixture. The so-prepared positive electrode 
mixture then is evenly coated on a current collector and 
dried in situ to prepare a layer of the positive electrode 
active material to complete the positive electrode 2. For 
preparing the negative electrode 4, he negative elec- 
trode active material and the binder are dispersed in a 
solvent to prepare a slurried negative electrode mixture. 
The so-prepared negative electrode mixture then is 
evenly coated on a current collector and dried in situ to 
prepare a layer of the negative electrode active material 
to complete the negative electrode 4. The non-aqueous 
electrolytic solution is prepared by dissolving an electro- 
lyte salt in a non-aqueous solvent. 
[0086] The positive electrode 2 and the negative 
electrode 4 are accommodated in the positive electrode 
can 3 and in the negative electrode can 5. The separa- 
tor 6 formed e.g., by a porous polypropylene film is 
arranged between the positive electrode 2 and the neg- 
ative electrode 4. The non-aqueous electrolytic solution 
is charged into the positive electrode can 3 and the neg- 
ative electrode can 5. The electrode cans 3, 5 are 
caulked fixedly through the insulating gasket 7 to com- 
plete the non-aqueous electrolyte secondary battery 1 . 
[0087] In the above-described embodiment, the 
non-aqueous electrolyte secondary battery 1 employing 
the non-aqueous electrolytic solution! is used, as an 
example, as the non-aqueous elec rolyte secondary 
battery. The present invention is, however, not limited to 
this and may be applied to the use as the non-aqueous 
electrolyte of a solid electrolyte or a ([elated solid elec- 
trolyte containing a swelling solvent. The present inven- 
tion may also be applied to a variety of shapes of the 
non-aqueous electrolyte secondary batteries, such as a 
cylindrical shape, a square shape, a 'coin or a button 
shape, or to a variety of sizes of the non-aqueous elec- 
trolyte secondary battery, such as a Ihin type or large- 
sized batteries. 

[0088] In the above-described Embodiment, the 
manufacturing method for an positive! electrode active 
material by synthesizing LiFeP0 4 , ar ;LiFeP0 4 carbon 
compound, a compound sample composed of 
LiFexMn^xPO,^ and carbon or a Li x Mn y P0 4 carbon 
compound material composed of Li x MnyP0 4 and car- 
bon, has been explained. However, it is only necessary 
that the positive electrode active material be based on 
Li x M y P0 4 as the basic composition, s uch that any ele- 
ment may be added to or used as : a substituent in 
Li x M y P0 4 as long as the reaction and crystallization 
proceed at a sintering temperature : not lower than 
350°C and not higher than 790°C, as described above. 
Li x M y P0 4 may also surfer from defects. 
[0089] Also, in the above-described embodying the 
present invention of the present invent on, a solid-phase 
reaction of mixing and sintering a powdered material as 
a starting material for synthesis of the compound repre- 
sented by the general formula Li x M y P0 4 in the prepara- 
tion of the positive electrode active material is explained 
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as an example. The 
limited to this and may 
other methods for 
phase reaction. 
[0090] Meanwhile 
tiv'rty is preferably use 
thesis of Li x M y P0 4 
material for synthesis 
materials, such as lith 
ium acetate, lithium 
iron (II) oxide may 
mentioned compound 
[0091] In the following 
Comparative Examples, 
tion, are explained based 
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ondary batteries. 



experiment 1 , in synthesizing LiFeP0 4 
electrode active material, an Example in 
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electrolyte secondary batter- 
fiositive electrode active materials, 
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LiFePQ 
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i so-calcined 



[0093] First, 
sizing LiFeP0 4 , 
(NH 4 H 2 P0 4 ) as a 
lite size was sufficiently 
iron powders (Fe 
(FeC 2 0 4 *2HO), 
(NH 4 H 2 P0 4 ) and 
mixed together to a 
minutes in a mortar 
then was calcined in a 
12 hours. The 
nitrogen atmosphere 
size LiFeP0 4 . 
[0094] The so-| 
positive electrode active 
70 wt% of dried 
active material, 25 
cally conductive material, 
fluoride, as a binder, 
formamide as a solvent 
electrode mixture. 
Aldrich Inc. was use 
This positive electrode 
num mesh, as a current 
dry argon atmosph' 
layer of the positive 
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specified Examples and 
embodying the present inven- 
on the experimental results. 



► 4 was synthesized. For synthe- 
ammonium dihydrogen phosphate 
stalling material of a coarser crystal- 
pulverized at the outset. Then, 
b), iron oxalate dihydride 
dihydrogen phosphate 
lithium carbonate (Li 2 C0 3 ) were 
rrjolar ratio of 0.4: 1.6: 2: 1 for thirty 
give a precursor. This precursor 
nitrogen atmosphere at 300°C for 
precursor was sintered in the 
at 600°C for 24 hours to synthe- 



p rep a red 



LiFeP0 4 was used as the 
material to prepare a battery. 
LiF[eP0 4 , as the positive electrode 
/o of acetylene black, as an electri- 
and 5 wt% of polyvinylidene 
were evenly mixed into dimethyl 
to prepare a paste-like positive 
Meanwhile, #1300 manufactured by 
d as the polyvinylidene fluoride, 
mixture was applied to an alumi- 
col lector, and dried in situ in a 
at 100°C for one hour to form a 
electrode active material. The alu- 



minum mesh, on which the layer of the positive elec- 
trode active material was formed, was punched to a disc 
15.5 mm in diameter to form a pellet-like positive elec- 
trode. Meanwhile, this positive electrode carries 60 mg 
5 of the active material. 

[0095] A metal lithium foil was punched to substan- 
tially the same shape as the positive electrode and used 
as a negative electrode. In a mixed solvent of equal 
parts in volume of propylene carbonate and dimethyl 
10 carbonate was dissolved LiPF 6 at a concentration of 1 
mol/l to prepare a non-aqueous electrolytic solution. 
[0096] The positive electrode, prepared as 
described above, was accommodated in the positive 
electrode can, whilst the negative electrode was accom- 
15 modated in the negative electrode can and the separa- 
tor was arranged between the positive electrode and the 
negative electrode. The non -aqueous electrolytic solu- 
tion was charged into the positive electrode can and the 
negative electrode can. The electrode cans 3, 5 are 
caulked fixedly through the insulating gasket 7 to com- 
plete a 2025 type coin-shaped test cell. 

Example 2 

[0097] LiFeP0 4 was prepared in the same way as 
in Example 1 , except using iron acetate in place of iron 
oxalate as the starting material for synthesis and mixing 
iron powders (Fe), iron acetate (FeCH 3 COO) 2 ), ammo- 
nium dihydrogen phosphate (NH 4 H 2 P0 4 ) and lithium 
carbonate (Li 2 C0 3 ) to a molar ratio of 0.2: 1 .8: 2: 1 . The 
so-produced LiFeP0 4 was used as the positive elec- 
trode active material to prepare a test cell. 

Comparative Example 1 

[0098] LiFeP0 4 was prepared in the same way as 
in Example 1, except adding no reducing agent and 
mixing iron oxalate dihydride (FeC 2 04 • 2H 2 0), ammo- 
nium dihydrogen phosphate (NH 4 H 2 P0 4 ) and lithium 

40 carbonate (Li 2 C0 3 ) to a molar ratio of 2: 2: 1 . The so- 
produced LiFeP0 4 was used as the positive electrode 
active material to prepare a test cell. 
[0099] Then, measurement was made of the pow- 
der X-ray diffraction pattern of the LiFeP0 4 prepared by 

45 the above-described method. The measurement condi- 
tions of the powder X-ray diffraction were as follows: 

apparatus used: RIGAKU RINT 2500 rotary coun- 
ter pair negative electrode 

so 

goniometer: vertical type standard, radius 1 85 mm 
counter monochromator: used 
55 filter: not used 
slit width 
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divergent slit (DS) = 1 ° 

receiving slit (RS) = 1° 

scattering slit (SS) = 0.15 mm 

counter device: scintillation counter 

measurement method: reflection method, continu- 
ous scan 

scanning range: 20 = 10° to 80° 

scanning speed: 4°/minute 

[0100] The powder X-ray diffraction pattern of 
LiFeP0 4 , synthesized in Example 1, is shown in Fig.2, 
from which it is seen that a single-phase LiFeP0 4 has 
been obtained since the presence of the impurity . other 
than LiFeP0 4 is not confirmed in the product 
[0101] The precursor was sintered at plural temper- 
ature points in a range from 320°C to 850°C to prepare 
LiFeP0 4 in a similar manner. It was found that there was 
no impurity in LiFeP0 4 synthesized in the range from 
320°C to 850°C so that a single-phase LiFeP0 4 has 
been obtained. 

[0102] On the other hand, the presence of the impu- 
rity other than LiFeP0 4 was not noticed in the product 
synthesized in Example 2 from the powder X-ray diffrac- 
tion pattern of LiFeP0 4 synthesized in Example 2, thus 
testifying to the generation of the single-phase 
LiFeP0 4 . 

[0103] The powder X-ray diffraction pattern of 
LiFeP0 4 , synthesized in Comparative Example 2, is 
shown in Fig.3, from which it is seen that impurities 
other than LiFeP0 4 are present in the product such that 
no single-phase LiFeP0 4 has been yielded. Meanwhile, 
in Fig.3, a peak attributable to the impurity is marked 
with an asterisk *. This impurity is presumably a trivalent 
iron compound, such as Fe 2 0 3 . 

[0104] The test cells, prepared as described above, 
were subjected to the charging/discharging test, in 
which each test ceil was charged by constant current 
charging and, when the battery voltage reached 4.5V, 
the charging system was switched from the constant 
current charging to constant voltage charging, and 
charging was carried out as the voltage of 4.5 V was 
kept. The charging was stopped when the current fell 
below 0.01 mA/cm 2 . The discharging then was carried 
out and stopped at a time point when the battery voltage 
was lowered to 2.0 V. Meanwhile, charging/discharging 
was carried out at ambient temperature (23°C), with the 
current density at this time being 0. 1 2 mA/cm 2 . 
[0105] The charging/discharging characteristics of 
the battery of Example 1 are shown in Fig.4, from which 
it is seen that the battery of Example 1 showed a flat 
potential in the vicinity of 3.4 V, thus indicating that the 
high reversible charging/discharging capacity of 163 
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mAh/g, which is close to the theoretical capacity of 1 70 
mAh/g, is being produced. 
[0106] The relation between the 
and the charging/discharging capacity 
Example 1 is shown in Fig.5, from wiich 
the battery of the Example 1 undergo* ss 
tion as low as 0.1%/cycle, thus demonstrating 
battery characteristics. 
[0107] The charging/discharging 
the battery of Comparative Exampli 
Fig.6. The relation between the nurr 
the charging/discharging capacity 
Comparative Example 1 is shown in 
and 7, it may be seen that the battery 
Example 1 is satisfactory in cyclic 
ever, the battery of Comparative Example 
significant capacity loss at an initisJ 
charging/discharging efficiency being 
[01 08] Thus, it may be seen that, 
ing agent to the precursor in synthesizing 
Fe 2+ in the precursor may be preventsd 
dized by the residual oxygen to become 
single-phase LiFeP0 4 . The battery 
gle-phase LiFePQ 4 as the positive 
material is superior in charging/discharging 
tics and in cyclic characteristics 



number of cycles 
of the battery of 
it is seen that 
cyclic deteriora- 
stable 

characteristics of 
1 are shown in 
iber of cycles and 
of the battery of 
~ig.7. From Figs.6 
of Comparative 
; characteristics, how- 
1 suffers from 
stage, with the 
low. 

f adding a reduc- 
LiFePQ 4 , 
I from being oxi- 
Fe 3 * to give a 
ejmploying this sin- 
electrode active 
I characteris- 



l>y i 



active 

de-i 



{Experiment 2) 

[0109] In this experiment 2, 
LlFeP0 4 as the positive electrode 
Example in which a precursor was 
Comparative Example in which iron 
added, were synthesized, and plural 
trolyte secondary batteries employing 
electrode active materials were 
respective positive electrode active 
non-aqueous electrolyte secondary 
ence in characteristics was evaluated 



ammonium 



Example 3 

[01 1 0] First, LiFeP0 4 was synthesized, 
sizing LiFeP0 4 , ammonium dihydrogen 
(NH 4 H 2 P0 4 ) as a starting material of 
lite size was sufficiently pulverized at 
iron acetate (FeCH 3 COO) 2 ), 
phosphate (NH 4 H 2 P0 4 ) and lithium a 
were mixed together to a molar ratio 
minutes in a mortar to give a precursor. 
[0111] This precursor then was 
electrical oven and, after the atmosphei 
by vacuum, a nitrogen gas was introduced 
oven. This precursor was calcined in 
phere at 300°C for 1 2 hours, after which 
was sintered in the nitrogen atmosphere 
hours to synthesize UFeP0 4 . 
[0112] The so-prepared LiFePO, 



in synthesizing 
material, an 
aerated, and a 
powders were not 
aqueous e tee- 
th ese positive 
prepared. Of the 
materials and the 
batteries, the differ- 



non- 



For synthe- 
phosphate 
a coarser crystal- 
the outset. Then, 
dihydrogen 
rbonate (Li 2 C0 3 ) 
of 2: 2: 1 for thirty 
r. 

charged into an 
re was replaced 
into the 
a nitrogen atmos- 
the precursor 
at 600°Cfor24 



u was used as a 



n 



11 



positive electrode 
the same way as in 

Example 4 



active material o produce a test cell in 
Example 1. 



ammonium 



[0113] First, LiFeP0 4 
sizing LiFeP0 4 , 
(NH 4 H 2 P0 4 ) as a starting 
lite size was sufficiently 
iron acetate (FeCH 3 COO)^, 
phosphate (NH 4 H 2 PO[4) 
were mixed together 
minutes in a mortar 
mixture was further rrjixed 
balls 2mm in diameter, 
[0114] This mixture 
afer which the mixture 
in an electrical oven 
to produce a precursp 
cursor then was calc ned 
nitrogen atmosphere 
atmosphere at 600; 
LiFeP0 4 . 

[0115] Using the 
tive electrode active 
as in Example 1 . 



to 



at 



was synthesized. For synthe- 
di hydrogen phosphate 
material of a coarser crystal- 
pulverized at the outset Then, 
ammonium dihydrogen 
and lithium carbonate (Li 2 C0 3 ) 
a molar ratio of 2: 2: 1 for thirty 
give a precursor. The resulting 
for 48 hours, using zirconia 
with water as a solvent, 
then was dried to a clayey state, 
was sintered in a nitrogen stream 
120°C to remove residual water 
* with high homogeneity. This pre- 
at 300°C for 12 hours in a 
further sintered in the nitrogen 
C for 24 hours to synthesize 



and 



JiO 



prepared LiFeP0 4 as the posi- 
rhaterial, a test cell was prepared 



Example 5 



to i 
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[0116] First, LiFePO, 
sizing LiFeP0 4 , am 
(NH 4 H 2 P0 4 ) as a starting 
lite size was sufficiently 
iron acetate (FeCH3 
phosphate (NH 4 H 2 P0 4 ) 
were mixed together 
minutes in a mortar 
mixture was further 
balls 2 mm in diamete 
[0117] This mixture 
after which the mixture 
stream in an electrical 
ethanol to produce 
homogeneity. This 
300°Cfor12hoursin 
sintered in the nitrog 
hours to synthesize 
[0118] Using the 
tive electrode active 
as in Example 1. 



Example 6 

[0119] First, 
sizing LiFeP0 4) 
(NH 4 H 2 P0 4 ) as a 
lite size was 
iron acetate 
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i 4 was synthesized. For synthe- 
monium dihydrogen phosphate 
material of a coarser crystal- 
pulverized at the outset Then, 
;pOO) 2 ), ammonium dihydrogen 
and lithium carbonate (Li 2 C0 3 ) 
a molar ratio of 2: 2: 1 for thirty 
give a precursor. The resulting 
nrjiixed for 48 hours, using zirconia 
r, with ethanol as a solvent 
then was dried to a clayey state, 
was sintered in a nitrogen 
oven at 1 20°C to remove residual 
l precursor with extremely high 
precursor then was calcined at 
nitrogen atmosphere and further 
en atmosphere at 600°C for 24 
LiFeP0 4 . 
so-prepared LiFeP0 4 as the posi- 
material, a test cell was prepared 



LiFeP0 4 was synthesized. For synthe- 
arrimonium dihydrogen phosphate 
staiting material of a coarser crystal- 
sufficiently pulverized at the outset Then, 
(FeCHJcoO^), ammonium dihydrogen 



phosphate (NH 4 H 2 P0 4 ) and lithium carbonate (L'i 2 C0 3 ) 
were mixed together to a molar ratio of 2: 2: 1 for thirty 
minutes in a mortar to give a precursor. The resulting 
mixture was further mixed for 48 hours, using zirconia 

5 balls 2 mm in diameter, with acetone as a solvent 

[0120] This mixture then was dried to a clayey state, 
after which the mixture was sintered in a nitrogen 
stream in an electrical oven at 1 20°C to remove residual 
acetone to produce a precursor with high homogeneity. 

10 This precursor then was calcined at 300°C for 12 hours 
in a nitrogen atmosphere and further sintered in the 
nitrogen atmosphere at 600°C for 24 hours to synthe- 
size LiFeP0 4 . 

[0121] Using the so-prepared LiFeP0 4 as the posi- 
15 tive electrode active material, a test cell was prepared 
as in Example 1. 

Comparative Example 2 

20 [0122] First, LiFeP0 4 was synthesized. For synthe- 
sizing LiFeP0 4 , iron acetate (FeCH 3 COO) 2 ), ammo- 
nium dihydrogen phosphate (NH 4 H 2 P0 4 ) and lithium 
carbonate (Li 2 C0 3 ) were mixed together to a molar ratio 
of 2: 2: 1 for thirty minutes in a mortar to give a precur- 

25 sor. The resulting precursor was calcined at 300°C for 
12 hours in a nitrogen atmosphere and further sintered 
in the nitrogen atmosphere at 600°C for 24 hours to syn- 
thesize LiFeP0 4 . Using the so-prepared LiFePG 4 as the 
positive electrode active material, a test cell was pre- 

30 pared as in Example 1 . 

[0123] Of the LiFeP0 4 , synthesized as described 
above, measurement was made of the powder X-ray dif- 
fraction pattern under the above-mentioned measure- 
ment conditions. 

35 [01 24] Fig. 8 shows the powder X-ray diffraction pat- 
tern of LiFeP0 4 , synthesized in Example 3. It is seen 
from Fig. 8 that no impurity other than LiFeP0 4 was con- 
firmed to exist in the product so that the single-phase 
LiFeP0 4 has been produced. 

40 [0125] Also, from the powder X-ray diffraction pat- 
tern of LiFeP0 4 , synthesized in Examples 4 to 6, no 
impurity other than LiFeP0 4 was confirmed to exist in 
the product, so that, in these Examples, the single- 
phase LiFeP0 4 has been produced. 

45 [0126] The powder X-ray diffraction pattern of 
LiFeP0 4 , synthesized in Comparative Example 2, is 
shown in Fig.9, from which it is seen that impurities 
other than LtFePG 4 are present in the product such that 
no single-phase LiFePQ 4 has been yielded. Meanwhile, 

so in Fig.3, the peak attributable to the impurity is marked 
with an asterisk *. This impurity is presumably a trivalent 
iron compound, such as Fe 2 0 3 . 

[01 27] The test cells, prepared as described above, 
were subjected to the charging/discharging test, using 
55 the same method as stated in Experiment 1 . 

[0128] Of the battery of Example 3, the charg- 
ing/discharging characteristics for the first to third cycles 
are shown in Fig.10, from which it is seen that the bat- 
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tery of Example 3 showed a flat potential in the vicinity 
of 3.4 V, thus indicating that the battery has a high 
reversible charging/discharging capacity of 1 63 mAh/g, 
which is close to the theoretical capacity of 170 mAh/g. 
[0129] The relation between the number of cycles 
and the charging/discharging capacity of the battery of 
Example 3 is shown in Fig.1 1 , from which it is seen that 
the battery of the Example 3 undergoes cyclic deteriora- 
tion as low as 0.1%/cycle, thus demonstrating stable 
battery characteristics. 

[0130] Similarly to the battery of Example 3, the 
batteries of Examples 4 to 6 were confirmed to exhibit a 
high charging/discharging capacity and superior cyclic 
characteristics. 

[0131] Test cells were prepared in the same way as 
in Example 6 except changing the sintering temperature 
of the precursor to check into the charging/discharging 
capacity of the cells. The relation between the sintering 
temperature of the precursor and the charging/dis- 
charging capacity of the cells is shown in Fig.1 2, from 
which it is seen that, by synthesizing LiFeP0 4 at a tem- 
perature not lower than 350C and not higher than 
790°C, a high capacity exceeding 120 mAh/g of a con- 
ventional non-aqueous electrolyte secondary battery 
can be achieved. 

[0132] The charging/discharging characteristics of 
the battery of Comparative Example 2 are shown in 
Fig. 13. The relation, between the number of cycles and 
the charging/discharging capacity of the battery of 
Comparative Example 2 is shown in Fig.1 4. It is seen 
from Figs. 13 and 14 that the battery of Comparative 
Example .2 is satisfactory in the cyclic characteristics, 
however, it is high in capacity loss in an initial state and 
low in the charging/discharging efficiency. 
[0133] Thus, it is seen that, by de-aerating the pre- 
cursor in synthesizing LiFeP0 4 , it is possible to prevent 
Fe 2+ in the precursor from being oxidized with residual 
oxygen to Fe 3 * to yield single-phase LiFeP0 4 . It is also 
seen that the battery employing this single-phase 
LiFeP0 4 as the positive electrode active material is 
superior in charging/discharging characteristics and 
cyclic characteristics. ^ 

(Experiment 3-1) 

[0134] In an experiment 3-1, a variety of positive 
electrode active materials, containing LiFeP0 4 or 
LiFe 05 Mn 0 5 P0 4 , were synthesized, and non-aqueous 
electrolyte secondary batteries, employing these posi- 
tive electrode active materials, were prepared, and eval- 
uation was made of the difference in characteristics of 
these non-aqueous electrolyte secondary batteries. 

Example 7 

[0135] An LiFePQ 4 carbon compound material 
composed of LiFeP0 4 as a positive electrode active 
material and carbon as an electrically conductive mate- 
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di hydride 
dihycjrogen phosphate 
(Li 2 C0 3 ) were 



rial was synthesized and, using this compound material, 
non-aqueous electrolyte secondary fcjatteries were pre- 
pared. 

[0136] First, iron oxalate 
5 (FeC 2 Q4 • 2H 2 0), ammonium 

(NH 4 H2P0 4 ) and lithium carbonate 
mixed to a molar ratio of 2: 2: 1 and thoroughly pulver- 
ized and mixed by a ball mill. The resulting mixture was 
calcined in a nitrogen atmosphere at 300°C for two 
10 hours to yield a precursor. This precursor and graphite 
were mixed to a weight ratio of 90: 1 0 and pulverized 
sufficiently by a ball mill for mixing. The precursor then 
was sintered in a nitrogen atmosphe -e at 550°C for 24 
hours to synthesize an LiFeP0 4 carbon compound 
material. 

[0137] A battery was prepared, using the LiFeP0 4 
carbon compound material, obtained as described 
above, as a positive electrode active material first, 97 
wt% of the dried LiFeP0 4 carbon compound material 
and 3 wt% of polyvinylidene fluoride, as a binder, were 
evenly mixed into N-methyl pyrrolidone as a solvent to 
prepare a paste-like positive electrode mixture. Mean- 
while, #1300 manufactured by Aldricr Inc. was used as 
the polyvinylidene fluoride. This positive electrode mix- 
ture was applied to an aluminum mesh; as a current col- 
lector, and dried in situ in a dry argon atmosphere at 
100°C for one hour to form a layer of the positive elec- 
trode active material. The aluminum mesh, on which the 
layer of the positive electrode act^e material was 
formed, was punched to a disc 15.5 mm in diameter to 
form a pellet-like positive electrode 
positive electrode carries 60 mg of the 
metal lithium foil was punched to substantially the same 
shape as the positive electrode and used as a negative 
electrode. In a mixed solvent of equal parts in volume of 
propylene carbonate and dimethyl carbonate was dis- 
solved LiPF 6 at a concentration of 1 mol/l to prepare a 
non-aqueous electrolytic solution. j 
[0138] The positive electrode, ! 
described above, was accommodated 
electrode can, whilst the negative electrode was accom- 
modated in the negative electrode cai and a separator 
was arranged between the positive (ijectrode and the 
negative electrode. The non-aqueous; 'electrolytic solu- 
tion was charged into the positive electrode can and the 
negative electrode can. The electrodje cans 
caulked fixedly through the insulating 
plete a 2025 type coin-shaped non-aqueous electrolyte 
secondary battery as a test cell. 



Example 8 

[0139] An LiFeP0 4 precursor was; 
same way as in Example 7. A LiFepQ 
pound material was prepared in the 
Example 7 except mixing this precursor, 
acetylene black together to a weight ratio 
sufficiently pulverizing the mixture by 



j Meanwhile, this 
active material. A 



prepared as 
in the positive 



3, 5 are 
gasket 7 to com- 



; prepared in the 
i 4 carbon com- 
same way as in 
graphite and 
of 90: 5: 5 and 
at ball mill for mix- 
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13 



mg. 

[0140] Using the 
rial, obtained as described 
trade active material, 
same way as in Example 



l[iFeP0 4 carbon compound mate- 
above, as a positive elec- 
a test cell was prepared in the 
7. 



Example 9 



lithium 
molar i 
sufficiently 



[0141] A LiFeo 5 iyi 
rial was prepared as 
rial and a test 
LiFeo.5Mno.5PO4 
positive electrode 
[0142] First, 
(FeC 2 0 4 -2H 2 0) ( 
(Mn(CH 3 00) 2 ), 
(NH4H2PO4) and 
mixed together to a 
ing mixture was 
mixing. The resulting 
atmosphere at 300°C 
This precursor was rin 
black to give a weight 
pulverized by a ball m 
cursor was sintered 
450°C for 24 hours tc 
carbon compound 
[0143] Using the 
pound material, 
itrve electrode active . 
in the same way as in 



the 
cell 
catoon 
active 



manganese 
ammonium 



Comparative Example 3 



[0145] First, 
(FeC 2 0 4 *2H 2 0), 
(NH 4 H 2 P0 4 ) and 
mixed to a molar ratio 
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n 0 5 P0 4 carbon compound mate- 
positive electrode active mate- 
was prepared using the 
compound material as the 
material, 
iron oxalate dihydride 
acetate tetrahydride 
dihydrogen phosphate 
carbonate (Li 2 C0 3 ) were 
ratio of 1 : 1:2: 1 . The result- 
pulverized by a ball mill for 
ijnixture was calcined in a nitrogen 
for two hours give a precursor, 
ixed with graphite and acetylene 
ratio of 90 : 6: 4 and sufficiently 
I for mixing. The so-calcined pre- 
in the nitrogen atmosphere at 
synthesize the LiFe 05 Mn 0 .5PO 4 



material. 

L,Fe 0.5 Mn 0.5 PO 4 carbon com- 
obtairjed as described above, as a pos- 
m ate rial, a test cell was prepared 
Example 7. 



[0144] As Comparative Example 3, LiFeP0 4 was 
synthesized as a positive electrode active material and 
a test cell was fabricated using LiFeP0 4 as the positive 
electrode active material. 

iron oxalate dihydride 
arrmonium dihydrogen phosphate 
lithium carbonate (Li 2 C0 3 ) were 
of 2: 2: 1 and thoroughly pulver- 
ized and mixed by a ball mill. The resulting mixture was 
calcined in a nitrogen atmosphere at 300°C for two 
hours to yield a precursor. This precursor was sintered 
in a nitrogen atmosphere at 550°C for 24 hours to syn- 
thesize LiFeP0 4 . 
[0146] A battery Was prepared, using the LiFeP0 4 , 
obtained as described above, as a positive electrode 
87 wt% of the dried LiFeP0 4f 10 
wt% of graphite, as an electrically conductive agent, 
and 3 wt% of polyvinylidene fluoride, as a binder, were 
evenly mixed into N-methyl pyrrolidone as a solvent to 
prepare a paste-like. positive electrode mixture. Mean- 
while, #1300 manufactured by Aldrich Inc. was used as 
the polyvinylidene fluoride. This positive electrode mix- 
ture was applied to an aluminum mesh, as a current col- 
lector, and dried in situ in a dry argon atmosphere at 



100°C for one hour to form a layer of the positive elec- 
trode active material. The aluminum mesh, on which the 
layer of the positive electrode active material was 
formed, was punched to a disc 15.5 mm in diameter to 

5 form a pellet-like positive electrode. Meanwhile, this 
positive electrode carries 60 mg of the active material. A 
metal lithium foil was punched to substantially the same 
shape as the positive electrode and used as a negative 
electrode. In a mixed solvent of equal parts in volume of 

10 propylene carbonate and dimethyl carbonate was dis- 
solved LiPF 6 at a concentration of 1 mol/l to prepare a 
non-aqueous electrolytic solution. 
[0147] The positive electrode, prepared as 
described above, was accommodated in the positive 

15 electrode can, whilst the negative electrode was accom- 
modated in the negative electrode can and a separator 
was arranged between the positive electrode and the 
negative electrode. The non-aqueous electrolytic solu- 
tion was charged into the positive electrode can and the 

20 negative electrode can. The positive and negative elec- 
trode cans were caulked fixedly through the insulating 
gasket 7 to complete a 2025 type coin-shaped non- 
aqueous electrolyte secondary battery. 
[0148] Of the compound samples, synthesized in 

25 the Examples 7 to 9, and LifeP0 4 , prepared in the 
Comparative Example 3, the powder X-ray diffraction 
pattern was measured under the same measurement 
conditions shown in Experiment. 1 above. The meas- 
ured results of the powder X-ray diffraction are shown in 

30 Figs. 15 to 18. 

[0149] The powder X-ray diffraction pattern of 
LiFeP0 4 , synthesized in Example 7, is shown in Fig.15, 
from which it is seen that no impurities other than 
LiFeP0 4 are confirmed in the product such that the 

35 product yielded is single-phase LiFeP0 4 . Meanwhile, in 
Fig.3, the peak attributable to the impurity is marked 
with an asterisk *. 

[01 50] The precursor was sintered at plural temper- 
ature points in a range from 320°C to 850°C to prepare 

40 the UFeP0 4 carbon compound material in the same 
manner as in Example 7. It was found that there was no 
impurity present in the LiFeP0 4 carbon compound 
material thus testifying to the yielding of the single- 
phase LiFeP0 4 . 

45 [0151] The powder X-ray diffraction pattern of the 
LiFeP0 4 carbon compound material synthesized in 
Example 8 is shown in Fig. 16, from which it is seen that 
the presence of impurities other than LiFeP0 4 is not 
confirmed in the product, except the diffraction peak of 

so graphite at approximately 26°, thus testifying to the 

yielding of the single-phase LiFeP0 4 . In Fig. 16, the 

peak attributable to graphite is indicated by an asterisk 
* 

[0152] The powder X-ray diffraction pattern of the 
55 LiFeo 5 Mn 0 .5PO 4 carbon compound material, synthe- 
sized in Example 9, is shown in Fig.9. The powder X-ray 
diffraction patterns of the LiFe 0 5 Mn 0 5 PO 4 carbon com- 
pound materials, synthesized with the sintering temper- 
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atures of 500°C, 600°C and 700°C, are also shown in 
Fig. 17. It may be seen from Fig. 17 that, in the 
L ' Fe o.5 Mn o.5P°4 carbon compound materials, synthe- 
sized at several temperature points in the range from 
450°C to 850°C, the presence of impurities other than 
LiFeP0 4 is not confirmed, except the diffraction peak of 
graphite at approximately 26°, thus testifying to the 
yielding of the single-phase LiFeP0 4 . In Fig. 16, the 

peak attributable to graphite is indicated by an asterisk 
* 

[0153] The powder X-ray diffraction pattern of 
LiFeP0 4 , synthesized in Comparative Example 3, is 
shown in Rg.1 8, from which it is seen that no impurities 
other than UFeP0 4 are confirmed to exist in the product 
such that the product yielded is single-phase LiFeP0 4 . 
[0154] The following charging/discharging test was 
conducted on the test cells of the Examples 7 to 9 and 
the Comparative Example 3, prepared as described 
above, to evaluate battery characteristics. 
[0155] As this charging/discharging test, each test 
cell was charged by constant current charging and, 
when the battery voltage reached 4.5V, the charging 
system was switched from the constant current charg- 
ing to constant voltage charging, and charging was car- 
ried out as the voltage of 4.5 V was kept The charging 
was stopped when the current fell below 0.05 mA/cm 2 . 
The discharging then was carried out and stopped at a 
time point when the battery voltage was lowered to 2.0 
V. 

[0156] Both charging and discharging were carried 
out at ambient temperature (25°C) and, in evaluating 
charging/discharging characteristics, the current den- 
sity was set to 0.12 mA/cm 2 . In evaluating load charac- 
teristics, the charging/discharging test was conducted 
under various different current densities. The results of 
the above charging/discharging test are shown in 
Figs.19to23. 

[0157] Of the battery of Example 7, the charg- 
ing/discharging characteristics for the first to third cycles 
are shown in Fig. 19, from which it is seen that the bat- 
tery of Example 7 showed a flat potential in the vicinity 
of 3.4 V, thus indicating that the battery has a high 
reversible charging/discharging capacity of 155 mAh/g, 
which is close to the theoretical-capacity of 170 mAh/g. 
[0158] The relation between the number of cycles 
and the charging/discharging capacity of the battery of 
Example 7 is shown in Fig.20, from which it is seen that 
the battery of the Example 7 undergoes cyclic deteriora- 
tion as low as 0.1%/cycle, thus demonstrating stable 
battery characteristics. 

[0159] The load characteristics of the battery of 
Example 8 are shown in Flg.21, from which it is seen 
that, if charged/discharged at 0.2 mA, the battery of 
Example 8 gives a high capacity of 1 63 mAh/g, and that 
the reversible charging/discharging capacity for the 
charging/discharging current density of 2 mA/cm 2 is 
kept at 93% of that for the charging/discharging current 
density of 0.2 mA/cm 2 . 
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of 



solely 



battery 



[0160] The charging/discharging 
the battery of Example 9 are shoWn 
which it is seen that the battery of 
reversible charging/discharging 
close to the theoretical capacity of 1 
average discharging potential being 2 
[0161] The load characteristics 
Example 7 and Comparative Exampii 
Fig.23, from which it is seen that the 
ing/discharging capacity for the 
current density of 1 mA/cm 2 is kept at 
charging/discharging current density 
the battery of the Comparative 
amount of graphite as that used as tin 
ductive agent in Example 7 is added 
conductive agent in the positive 
ever, the battery of the Comparative 
battery capacity and inferior in load 
compared to the battery of Example 7, 
[0162] The charging/discharging 
tery employing LiFe 05 Mn 0 5 PO 4 
electrode mixture according to the 
cation J. Electroche. Soc. 144,1188 
Fig.1 1 . Meanwhile, the 
LiFe a5 Mn 0 5 P0 4 solely as the positiye 
ture is the battery of Comparative 
from Fig.24 that the battery of the 
pie 4 has the battery capacity was low 
[0163] The above results indicate 
of Examples 7 and 8 are non-aqueoijs 
ondary batteries containing LiFP0 4 
positive electrode active material and 
conductive material, respectively, and 
rior in load characteristics and of high 
pared to the battery o the 
employing solely the compound of 
LiFeP0 4 as the positive electrode 
hand, the battery of Example 9 is the 
trolyte secondary battery containing 
bon as the positive electrode active 
electrically conductive material 
is superior in load characteristics and 
as compared to the battery of the 
4 containing solely the compound 
general formula LiFeP0 4 and carbon 
sample as the positive electrode activ^ 
the electrically conductive agent, 
[0164] It is also seen from Figs 
comparing Examples 7 and 8, the 
is superior in load characteristics to th 
in which graphite alone is added to 
this it is seen that, with the non-aqueoi)s 
ondary battery, load characteristics 
employing graphite and acetylene black 
as carbon in synthesizing the positive 
material. 

[0165] Comparison of the Exampl 
Figs. 19 and 22 also reveals that the 



characteristics of 
in Fig.22, from 
^xample 9 has the 
of 146 mAh/g 
mAh/g, with the 
.58 V. 

the batteries of 
e 3 are shown in 
reversible charg- 
charging/discharging 
90% of that for the 
of 0.2 mA/cm 2 . In 
Example 3, the same 
e electrically con- 
as the electrically 
electrbde mixture. How- 
Example3is low in 
characteristics as 



and < 



Comparative 

th.s : 



respectively, 



curve of the bat- 
as the positive 
teabhing of the publi- 
(j997), is shown in 
employing 
electrode mix- 
Exdmple 4. It is seen 
Comparative Exam- 
as 75 mAh/g. 
that the batteries 
electrolyte sec- 
carbon as the 
as the electrically 
hence are supe- 
capacity as corn- 
Example 3 
general formula 
mixture. On the other 
-aqueous elec- 
UFeP0 4 and car- 
material and as the 
and hence 
of high capacity 
Comparative Example 
represented by the 
as the compound 
material and as 
respective ty. 
;.23| and 21 that, on 
bat ery of Example 8 
e battery of Fig. 7 
precursor. From 
electrolyte sec- 
be improved by 
in combination 
electrode active 



es 7 and 8 in 
battery of Example 
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9 has a higher value 
this it is seen that, b> 
carbon compound 
active material, it is 
electrolyte secondary 
higher voltage value. : 

(Experiment 3-2) 



<Jf the discharging potential. Form 
employing the LiFe 0 .5 Mn o.5P04 
material as the positive electrode 
possible to realize a non-aqueous 
battery of higher capacity and 



[0166] In the 

electrode active 
synthesized and nop 
batteries containing 
materials were 
difference in 
ous electrolyte s 



experiment 3-2, a variety of positive 
materials containing LiMnP0 4 were 
-aqueous electrolyte secondary 
these positive electrode active 
prepared, and evaluation was made of 
characteristics of the respective non-aque- 
batteries. 



econdary 



Example 10 



positive 



[0167] As a 

LiFeP0 4 carbon 
and a test cell 
pound material as the 
was prepared. 
[0168] First, 
ammonium dihydrogen 
lithium carbonate (Li 
of 2: 2: 1 and thoroughly 
mill. The resulting 
atmosphere at 280°G 
sor. This precursor 
weight ratio of 95:5 
mill for mixing. The 
nitrogen atmosphere, 
size an LiFeP0 4 carbon 
[0169] A battery 
obtained as describe^ 
active material. First, 
bon compound mater?al : 
of polyvinylidene 
mixed into N-methyl 
a paste- like positive 
#1300 manufactured 
polyvinylidene fluoride, 
was applied to an 
tor, and dried in situ in 
for one hour to form 
active material. The a 
of the positive 
was punched to a 
pellet-like positive 
electrode carries 60 
lithium foil was 
shape as the positive 
electrode. In a mixed 
propylene carbonate 
solved LiPF 6 at a 
non-aqueous electrolyti 



electrode active material, 
combound material was synthesized 
containing the LiFeP0 4 carbon com- 
positive electrode active material 



electnde 
disc 
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manganese carbonate (MnC0 3 ), 
phosphate (NH 4 H 2 P0 4 ) and 
2pO$) were mixed to a molar ratio 
pulverized and mixed by a ball 
mixture was calcined in a nitrogen 
for three hours to yield a precur- 
■ anfcl acetylene black were mixed to a 
and pulverized sufficiently by a ball 
^precursor then was sintered in a 
at 600°C for 24 hours to synthe- 
compound material, 
■vyas prepared, using the LiFeP0 4 , 
above, as a positive electrode 
37 wt% of the dried LiFeP0 4 car- 
1 0 wt% of graphite, and 3 wt% 
fluoride, as a binder, were evenly 
pyrrolidone as a solvent to prepare 
electrode mixture. Meanwhile, 
by Aldrich Inc. was used as the 
This positive electrode mixture 
aluminum mesh, as a current collec- 
a dry argon atmosphere at 100°C 
a layer of the positive electrode 
uminum mesh, on which the layer 
active material was formed, 
15.5 mm in diameter to form a 
electrode. Meanwhile, this positive 
|mg of the active material. A metal 
punched to substantially the same 
electrode and used as a negative 
j solvent of equal parts in volume of 
and dimethyl carbonate was dis- 
corjcentration of 1 mol/l to prepare a 
ic solution. 



[0170] The positive electrode, prepared as 
described above, was accommodated in the positive 
electrode can, whilst the negative electrode was accom- 
modated in the negative electrode can and a separator 

5 was arranged between the positive electrode and the 
negative electrode. The non-aqueous electrolytic solu- 
tion was charged into the positive electrode can and the 
negative electrode can. The positive and negative elec- 
trode cans were caulked fixedly through the insulating 

10 gasket 7 to complete a 2025 type coin-shaped non- 
aqueous electrolyte secondary battery. 

Example 1 1 

is [0171] An LiFeP0 4 carbon compound material was 
prepared in the same way as in Example 1 0 except mix- 
ing the precursor and acetylene black in a weight ratio of 
90:10. Using this LiFeP0 4 carbon compound material 
as the positive electrode mixture, a test cell was pre- 

20 pared in the same way as in Example 10. 

Example 12 

[0172] The LiFeP0 4 carbon compound material 
was synthesized in the same way as in Example 1 0 to 
synthesize LiFeP0 4 carbon compound material. Using 
this LiFeP0 4 carbon compound material as the positive 
electrode mixture, a test cell was prepared in the same 
way as in Example 1 0. 

Comparative Example 5 

[0173] As a positive electrode active material, 
LiMnP0 4 was synthesized and a test cell containing the 
LiFeP0 4 carbon compound material as the positive 
electrode active material was prepared. 
[0174] First, manganese carbonate (MnC0 3 ), 
ammonium hydrogen phosphate (NH 4 H 2 P0 4 ) and lith- 
ium carbonate (Li 2 C0 3 ) were mixed to a molar ratio of 2: 
40 2: 1 and thoroughly pulverized and mixed by a ball mill. 
The resulting mixture was calcined in a nitrogen atmos- 
phere at 300°C for three hours to yield a precursor. This 
precursor then was sintered in a nitrogen atmosphere at 
600°C for 24 hours to synthesize LiMnP0 4 . 
45 [01 75] For preparing a battery employing LiMnP0 4 , 
obtained as described above, as the positive electrode 
active material, a test cell was prepared in the same 
way as in Example 10, except evenly mixing 85 wt% of 
dried LiMnP0 4 as a positive electrode mixture, 10 wt% 
so of graphite as an electrically conductive agent and 1 0 
wt% of polyvinylidene fluoride as a binder, in N-methyl 
pyrrolidone, as a solvent, to prepare a paste-like posi- 
tive electrode mixture. 

[0176] Of the compound samples of Examples 10 
55 to 12, synthesized as described above, and LiMnP0 4 of 
Comparative Example 5, a powder X-ray diffraction pat- 
tern was measured in accordance with the method and 
conditions described above. 
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[0177] The powder X-ray diffraction pattern of the 
LiMnP0 4 carbon compound material, synthesized in 
accordance with Examples 10 to 12, is shown in Fig.25, 
from which it is seen that no impurities other than 
LiMnP0 4 is confirmed to exist in the product, such that 5 
the product yielded is single-phase LiFeP0 4 . 
[0178] The powder X-ray diffraction pattern of the 
LiMnP0 4 carbon compound material, synthesized in 
accordance with Comparative Example 5, is shown in 
Fig.26, from which it is seen that no impurities other 10 
than LiMnP0 4 is confirmed to exist in the product such 
that the product yielded is single-phase LiFeP0 4 . 
[0179] The following charging/discharging test was 
conducted on the test cells of the Example 11 and the 
Comparative Example 5, prepared as described above, 15 
to evaluate battery characteristics. As this charging/dis- 
charging test, each test cell was charged by constant 
current charging with the current of 0.5 mA/cm 2 . When 
the battery voltage reached 4.5V, the charging system 
was switched from the constant current charging to con- 
stant voltage charging, and charging was carried out as 
the voltage of 4.5 V was kept. The charging was 
stopped when the current fell below 0.05 mA/cm 2 . The 
discharging then was carried out and stopped at a time 
point when the battery voltage was lowered to 2.0 V. 
[0180] The following charging/discharging test was 
conducted on the test cell of the Example 12, prepared 
as described above, to evaluate battery characteristics. 
As this charging/discharging test, the test cell was 
charged by constant current charging with the current of 
0.5 mA/cm 2 . When the battery voltage reached 4.5V, 
the charging system was switched from the constant 
current charging to constant voltage charging, and 
charging was carried out as the voltage of 4.8 V was 
kept The charging was stopped when the current fell 
below 0.05 mA/cm 2 . The discharging then was carried 
out and stopped at a time point when the battery voltage 
was lowered to 2.0 V. Meanwhile, the battery charging 
and discharging were carried out at an ambient temper- 
ature (23°C). The results obtained by this charging/dis- 40 
charging test are shown in Figs.27 to 29. 
[0181] Fig.27 shows a graph representing charg- 
ing/discharging characteristics for the battery of Exam- 
ple 11. It is seen from Fig.27 that the battery of Fig.1 1 
has a flat potential in the vicinity of 4V and generates as 
the reversible charging/discharging capacity of 113 
mAh/g. On the other hand, the charging/discharging 
characteristics of the battery of Example 12 are shown 
in a graph of Fig.28, from which it is seen that the dis- 
charging voltage is high, with the discharging capacity so 
being as large as 120 mAh/g. Conversely, the battery of 
Comparative Example 5 is free of a flat discharging 
area, with there occurring no Mn oxidation. 
[0182] It may be seen from the above results that 
the batteries of Examples 11 and 12 are non-aqueous ss 
electrolyte secondary batteries obtained by using a syn- 
thesized compound sample composed of LiMnP0 4 as a 
positive electrode mixture and of acetylene black as an 
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electrically conductive agent, such tnat 
are superior in load characteristics 
as compared to the battery of Comparative 
employing LiFePQ 4 as the positive 
material. 

[0183] For measuring the volume 1 
bution of the LiMnP0 4 carbon compound 
Examples 10 to 12 and LiMnP0 4 of 
pie 5, the scattering of the laser 
using a volume grain size distribution 
device, manufactured by HORIBA 
LTD. under the trade name of Micro- 
lyzer LA-920. The measured results 
size distribution are shown in Fig. 30, 
that the LiMnP0 4 carbon compound 
LiMnP0 4 all contain particles not 
[0184] By representing the volumje 
bution of the LiMnP0 4 carbon compound 
Example 12 by integrated amount ol 
has been seen that the grain size in 
more than 6 urn. That is, by adding 
thetic material of LiMnP0 4 or to the 
growth of the precursor during the sintering 
be suppressed to realize more homogeneous 
pound sample. 



! ! grain size distri- 
material of 
Comparative Exam- 
was measured 
measurement 
S^ISAKUSHO CO. 
grain size ana- 
the volume grain 
from which is seen 
material and 
than 10 um 
grain size distri- 
material of 
passed grains, it 
its entirety is not 
carbon to the syn- 
p ecursor, the grain 
process can 
finer corn- 
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Industrial Applicability 

[0185] As may be seen from the 
tion, the manufacturing method of the 
mixture according to the present 
reducing agent to the precursor durinti 
ess. Since this prevents the 3d transition 
synthetic starting material from being 
ual oxygen, thus yielding a single-ph 
of impurities, it is possible to preparle 
trode active material capable of revers; 
torily doping/undoping lithium. 
[0186] Moreover, in the manufacturing 
the non-aqueous electrolyte seconday 
ing to the present invention, a reducing 
to the precursor during the mixing p 
vents the 3d transition metal M in the 
material from being oxidized by residual 
a single-phase Li x M y P0 4 free of 
Li x M y P0 4 renders it possible to produce 
electrolyte secondary battery of high 
lithium is diffused sufficiently in the grains, 
[0187] Moreover, with the manufacturing 
the positive electrode active material 
present invention, air contained in 
removed in the de-aerating process. 
3d transition metal M in the starting rrjaterial 
sis from being oxidized by residual o>ygen 
gle-phase Li x M y P0 4 free of impurities, 
manufacture of a positive electrode 
capable of reversibly and satisfactorily 
lithium. 



these batteries 
of high capacity 
'e Example 5 
I electrode active 



bregoing descrip- 
fiositive electrode 
invention adds a 
the mixing proc- 
metal M in the 
oxidized by resid- 
Li x M y P0 4 free 
a positive elec- 
ibly and satisfec- 

method for 
battery accord- 
agent is added 
rbcess. This p re- 
synthetic starting 
oxygen to yield 
impurities. This 
a non-aqueous 
capacity because 

method of 
according to the 
the precursor is 
"This prevents the 
for synthe- 
to yield sin- 
thus enabling the 
active material 
doping/undoping 
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[0188] Moreover* 



acti/e 

jt he i 



the positive electrode 
present invention, ajr 
removed in the de 
positive electrode 
transition metal M inji 
from being oxidized 
phase Li x MyP0 4 free; 
since lithium diffusion 
it becomes possible j 
aqueous electrolyte 
[0189] In addition 
the positive electrode 
present invention, an 
added to the starting 
cursor of the positive je 
itive electrode 
superior load 
formance thus realizir 
[0190] Moreover,! 
the positive electrode 
present invention, an 
added to the starting 
cursor in synthesizing 
material. Since the 
produced thus exhibits 
electrode molding 
trolyte secondary battery 
ity as the non-aqueoijj s 

Claims 



with the manufacturing method of 
active material according to the 
contained in the precursor is 
aerating process in preparing the 
material. This prevents the 3d 
starting material for synthesis 
residual oxygen to yield single- 
3f impurities. With this Li x M y P0 4 , 
in the particle occurs sufficiently, 
i:o produce a high-capacity non- 
secondary battery. 

in the manufacturing method for 
active material according to the 
electrically conductive agent is 
nhaterial for synthesis or to the pre- 
lectrode active material. The pos- 
material produced exhibits 
and electrode molding per- 
a high capacity, 
n the manufacturing method for 
active material according to the 
electrically conductive agent is 
nfiaterial for synthesis or to the pre- 
the positive electrode active 
positive electrode active material 
superior load characteristics and 
armance, the non-aqueous elec- 
produced exhibits high capac- 
electrolyte secondary battery. 



active 
(characteristics 
Kg i 



1. 



2. 



The method for 
active material 
Li x M y P0 4 is 



LiFePO, 



The method for 
active material 
reducing agent i 
starting material 



33 



EP 1 094 532 A1 



34 



A method for producing a positive electrode active 
material comprising: 

mixing stejp of mixing a plurality of sub- 
stances to give a precursor, said substances 
proving a sterling material for synthesis of a 
compound represented by the general formula 
Li x M y P0 4 where x is such that 0 < x < 2, y is 
such that 0.8 < y < 1.2 and M includes at lest 
one of 3d transition metals; and 

a sintering step of sintering and reacting said 
precursor obtained by said mixing step; 
wherein a reducing agent is added to said pre- 
cursor in said mixing step. 



producing a positive electrode 
according to claim 1 wherein said 



producing a positive electrode 
according to claim 2 wherein said 
\£ Fe which is also a part of said 
fior synthesis. 



4. A method for producing a non-aqueous electrolyte 
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secondary battery having a positive electrode con- 
taining a positive electrode active material capable 
of reversibly doping/undoping lithium, a negative 
electrode mounted facing said positive electrode 
and capable of reversibly doping/undoping lithium, 
and a non-aqueous electrolyte interposed between 
said positive electrode and the negative electrode, 
said positive electrode active material being pro- 
duced by a method comprising: 

a mixing step of mixing a plurality of sub- 
stances to give a precursor, said substances 
proving a starting material for synthesis of a 
compound represented by the general formula 
Li x M y P0 4 where x is such that 0 < x < 2, y is 
such that 0.8 < y < 1 .2 and M includes at lest 
one of 3d transition metals; and 

a sintering step of sintering and reacting said 
precursor obtained by said mixing step; 
wherein a reducing agent is added to said pre- 
cursor in said mixing step to prepare said posi- 
tive electrode active material. 

5. The method for producing a non-aqueous electro- 
lyte secondary battery according to claim 4 wherein 
said Li x M y P0 4 is LiFeP0 4 . 

6. The method for producing a no n -aqueous electro- 
lyte secondary battery according to claim 5 wherein 
said reducing agent is Fe which is also a part of 
said starting material for synthesis. 

7. A method for producing a positive electrode active 
material comprising: 

a mixing step of mixing a plurality of sub- 
stances to give a precursor, said substances 
proving a starting material for synthesis of a 
compound represented by the general formula 
Li x M y P0 4 where x is such that 0 < x < 2, y is 
such that 0.8 < y < 1.2 and M includes at lest 
one of 3d transition metals; 

a de-aerating step of removing air contained in 
said precursor obtained in said mixing step; 

a sintering step of sintering and reacting said 
precursor obtained by said mixing step. 

8. The method for producing a positive electrode 
active material according to claim 7 wherein an 
inert gas is introduced after substituting vacuum for 
an atmosphere in said precursor and subsequently 
an inert gas is introduced to remove air contained in 
said precursor. 

9. The method for producing a positive electrode 
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active material according to claim 7 wherein a sol- 
vent is allowed to co-exist with the precursor in said 
de-aerating step and is vaporized off in said inert 
gas to remove air contained in said precursor. 

5 

10. The method for producing a non-aqueous electro- 
lyte secondary battery according to claim 7 wherein 
said Li x M y P0 4 is LiFeP0 4 . 

11. A method for producing a non-aqueous electrolyte w 
secondary battery having a positive electrode con- 
taining a positive electrode active material capable 

of reversibly doping/undoping lithium, a negative 
electrode mounted facing said positive electrode 16. 
and capable of reversibly doping/undoping lithium, is 
and a non-aqueous electrolyte interposed between 
said positive electrode and the negative electrode, 
said positive electrode active material being pro- 
duced by a method comprising: 

20 

a mixing step of mixing a plurality of sub- 
stances to give a precursor, said substances 
proving a starting material for synthesis of a 
compound represented by the general formula 
Li x M y P0 4 where x is such that 0 < x < 2, y is 25 
such that 0.8 < y < 1 .2 and M includes at least 
one of 3d transition metals; 

a de-aerating step of de-aerating air contained 
in said precursor obtained in said mixing step; 30 
and 

a sintering step of sintering and reacting said 
precursor obtained in a state free of air by said 
de-aerating step. 35 

12. The method for producing a non-aqueous electro- 
lyte secondary battery according to claim 11 
wherein an inert gas is introduced after substituting 
vacuum for an atmosphere in said precursor and 40 
subsequently an inert gas is introduced to remove 
air contained in said precursor. 

13. The method for producing a non-aqueous electro- 
lyte secondary battery according to claim 11 45 
wherein a solvent is allowed to co-exist with the pre- 
cursor in said de-aerating step and is vaporized off 
in said inert gas to remove air contained in said pre- 
cursor. 

50 

14. The method for producing a non-aqueous electro- 
lyte secondary battery according to claim 11 
wherein said Li x M y P0 4 is LiFeP0 4 . 

15. A method for producing a positive electrode active 55 
material comprising: 

a mixing step of mixing a plurality of sub- 



trie 



stances to give a precursor, 
proving a starting material 
compound represented by 
Li x M y P0 4 where x is such 
such that 0.8 < y < 1 .2 and 
one of 3d transition metals; and 



said substances 
t>r synthesis of a 
general formula 
0 < x < 2, y is 
M includes at lest 



that 



a sintering step of sintering 
precursor obtained by said 
wherein an electrically 
added to said starting materi 
said precursor. 



and reacting said 
miking step; 
conductive agent is 
at for synthesis or 



The method for producing a positive electrode 
active material according to clainV 15 wherein said 
electrically conductive agent is aqded 
of 0.5 to 20 parts by weight to 1 
of said Li x M y P0 4 . 



00 



17, The method for producing a 
active material according to claim j 
Li x M y P0 4 is LiFeP0 4 . 



positive electrode 
15 wherein said 



18. The method for producing a 
active material according to claim 
Li x M y P0 4 is LiFexMn^PO^ 



positive electrode 
15 wherein said 



19. The method for producing a 
active material according to claim 
Li x M y P0 4 is Li x MnyP0 4 where x 
2 and y is such that 0.8 < y < 1 .2. 



20. 



21. 



The method for producing a 
active material according to clainji 
electrically conductive agent is cajrbon 



ibly i 



capable 



n^n-i 



step 



A method for producing a non-i 
secondary battery having a 
active material capable of re vers 
ing lithium, a negative electrode 
said positive electrode and 
doping/undoping lithium, and a 
trolyte interposed between said 
and the negative electrode, 

wherein said positive elect 
rial is synthesized by a mixing 
rality of substances to give a 
substances proving a starting 
of a compound represented by 
Li x M y P0 4 where x is such that 0 
that 0.8 < y < 1 .2 and M includes 
transition metals and a sintering 
and reacting said precursor 
step, and wherein an electrically 
is added to said starting material 
said precursor to synthesize said 
active material. 



in an amount 
parts by weight 



positive electrode 
1 15 wherein said 
isuch that 0 < x < 



is 



positive electrode 
1 1 5 wherein said 



aqueous electrolyte 
positive electrode 
doping/undop- 
! mounted facing 
of reversibly 
aqueous elec- 
pbsitive electrode 



:rpde active mate- 
i of mixing a plu- 
[ precursor, said 
material for synthesis 
th i3j general formula 
< x < 2, y is such 
at lest one of 3d 
step of sintering 
obtainled by said mixing 
conductive agent 
for synthesis or to 
positive electrode 
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22. The method for 
lyte secondary 
wherein said 
in an amount of| 
parts by weight dl 



producing a non-aqueous eiectro- 
Dattery according to claim 21 
electrically conductive agent is added 
p.5 to 20 parts by weight to 1 00 
said Li x M y P0 4 . 



23. The method for producing a non-aqueous electro- 
lyte secondary \ aattery according to claim 21 
wherein said Li x W y P0 4 is LiFeP0 4 . 



24. The method for 
lyte secondary 
wherein said Li x M, 



producing a non-aqueous electro- 
battery according to claim 21 
,P0 4 is LiFexMn^xPO^j. 



25. The method for 
lyte secondary 
wherein said Li. 
such that 0 < x < 



producing a non-aqueous electro- 
battery according to claim 21 
l|/lyP0 4 is Li x Mn y P0 4 where x is 
2 and y is such that 0.8 < y < 1 .2. 



26. The method for 
lyte secondary j 
wherein said 
bon. 



producing a non-aqueous electro- 
battery according to claim 21 
electrically conductive agent is car- 



37 



©MISUSE HP: D(6j®«§&1 



EP 1 094 532 A1 



38 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



20 




22 




23 



EP 1 094 532 A1 



POTEMT1A. 
(V.vs.U/Li*) ^ 



5.0 

4.0 

3JS 



3J0 r 



2.0 
1.5 
1.0 
0.5 
0 




160 180 



CAPACITY (mAh/g) 



FIG.4 



24 



EP 1 094 532 A1 



170 
190 

CAPACITY 140 
(mAh/g) 

130 
120 
110 




NUMBER OF CYCLES 



FIG.5 



25 



5.0 
4* 
4.0 
3^ 

3.0 

. 2JS 
POTENTIAL 

(V. vs. U / If 1 ) 2.0 
1.5 
1.0 
0^ 
0 



EP 1 094 532 A1 




60 80 100 120 



CAPACITY (mAh/g) 



100 180 



FIG.6 



i 



26 



EP 1 094 532 A1 



200 



150 



£ ioo 

I 



50 



T r 



i i r 



i i I 1 1 1_ — I till 



t — r 



8 12 
NUMBER OF CYCLES 



16 



20 



FIG.7 



27 




28 



EP 1 094 532 A1 




29 



POTENTIAL 

(V. vs. Li / iir*> 



5.0 
4^ 
4.0 
3JS 
3.0 
2£ 
2.0 
1.5 
1.0 
0.5 
0 



EP 1 094 532 A1 



T 1 1 1 1 1 1 T 




■ ' » » 



J L 



20 40 60 80 100 120 140 100 180 



CAPACITY (mAh/g) 



FIG.10 



30 



EP 1 094 532 A1 



200 



I ' ' ' I ' ' ' I ' ' ' I 1 ' 



150 



CAPACITY iftft 
(mAh/g) 100 



50 



I i i ■ » • • ■ ■ 



II i i i 



4 6 8 10 

NUMBER OF CYCLES 



12 



14 



31 



EP 1 094 532 A1 



200 



150 



CAP ACT Y „„ 
(mAh/t) 100 



50 





, , , , I 




.... I 


.... j 






























i . . . . 











300 400 500 600 700 800 90) 
HEATING TEMPERATURE (*C) 



FIG. 12 



I 
] 



32 



EP 1 094 532 A1 



5.0 
4J5 
4.0 
3£ 
3.0 

POTENTIAL 
(V. vs. U/ LP) 2.5 

2.0 

1.5 

1.0 

0.5 

0 




20 40 60 80 100 120 140 16C 



180 



CAPACITY (mAh/g) 



FIG. 13 



33 




EP 1 094 532 A1 



200 i — i — i — | — i — i — i — p 



T r 



160 



1 



10) 



SB 



j L 



I i > ■ ■ 



8 12 
NUMBER OF CYCLES 



16 



20 



FIG. 14 



34 



EP 1 094 532 A1 




36 



EP 1 094 532 A1 



7000 



6000 



5000 



<S 4000 



g 3000 



2000 



1000 



t i i i | i i r r | i i i i | i i i i | i i i i | i i i i | - r 



JxIJjlJiUajlwn^^ 



450°C 



600°C 



700°C 



10 20 30 



40 50 

28 (° ) 



60 70 



FIG.17 



TT 



80 



37 



EP 1 094 532 A1 



5 I 1 1 1 1 • 1 > 1 1 1 ' 1 1 1 « 1 



3 

POTENTIAL 
(V. vs. Li / Li*) 



0 I i I i I i -L 




J i L 



20 40 60 80 100 120 140 ICO 180 



CAPACITY (mAh/g) 



FIG. 19 



39 



CAPACITY 
(mAh/g) 




FIG.20 



4!® 



40 



EP 1 094 532 A1 



200 



- ° — 0>- 



150 



100 



i 

s 



60 



-0- 



0 I i ii.it i i i — '*■■■'»■'■»'■■»■■■ 
0 1 2 3 4 5 



> j 



6 



CURRENT (mA) 



FIG.21 



411 



41 



POTENTIAL 
(V.VS.U/ 



BNSDOCID:<EP 1094532A1 I > 



EP 1 094 532 A1 




160 180 



CAPACITY (mAh/g) 



FIG.22 



42 



EP 1 094 532 A1 



200 



150 - 



CAPACITY- 
(mAh/g) 100 




1 1.5 
CURRENT (mA) 



FIG.23 



2JS 



43 




3000 



2500 



2000 



tc 



(A 

t 1500 



CO 

i 



1000 



500 



i i i \ i i i i \ i i i i \ i i i i | i i i i | i i i i \ i ii 



EX.10 





EX.11 



1J 



EX.12 



what I 



10 20 



30 40 50 60 

26 (° ) 



70 



FIG.25 



r—r 



80 



45 



1000 



p 800 

s 

g 

ID 

£ 600 

eg 
fc 



CO 



400 



200 



BNSDOCID: <EP 1094532A1 I > 



EP 1 094 532 A1 



i i i i | i i i i | ) i i i | i i l i | i i i i | i i i i | i i i i 




46 



EP 1 094 532 A1 



VOLTAGE 
(V) 




0 20 40 60 80 100 120 141 160 



CAPACITY (mAh/g) 



FIG.27 



imtmtimmtmmw, 



47 



EP 1 094 532 A1 



5.0 | i i i | I i i | i i — ■ | i i I | i i i — | i i i | i i i | i — r—r 



4.0 



3.0 - 



VOLTAGE 

00 



2.0 



1.0 




[) Q ' ' » ■ » ■ ' ' ' * ■ ■ ' ' ' ' « ' » ' ' » ' ''»»'«*■ 

'0 20 40 00 80 100 120 140 160 



CAPACITY (mAh/g) 



BNSDOCID:<EP 1094532A1 I > 



FIG.28 



48 



EP 1 094 532 A1 



VOLTAGE 
00 




100 



CAPACITY (mAh/g) 



FIG.29 



49 



EP 1 094 532 A1 



12.0 



FREQUENCY OF / % i 
OCCURRENCE 



INTEGRATED NUMBER 0F«o 
PARTICLES PASSED w 



10.0 



in 

O 8.0 

3 

tc 

AC 

2 6.0 



u. 

o 

IU 



4.0 



a 2.0 

UJ 

se 

0.0 



-2.0 



I I I t t I 1 1 




I ■ 1 I I I I 1 1 1 1 I — I I I I I 



i iiii 



■ I I I I I 



O01 



0.1 



10 



PARTICLE SIZE dun) 



FIG.31 



12.0 



10.0© 

m 



8.0 



6.0 39 
O 

-n 
■a 



4.0 



m 

2.0 » 

I 

0.0 g 



100 



-2.0 



51 



A. CLASSIFICATION OF SUBJECT MATTER 

int. CI 7 ! H01M4/58, H01M10/40, H01M4/04 



According to Itite notional Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEi JICHED 



Minintuin 

int . CI 



docuth sntation 



Documcntaticn it arched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Jitsuyo Shinan Toroku Koho 1996-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Toroku Jitsuyo Shinan Koho 1994-2000 



Electronic data bi se consulted during the mternational search (name of data base and. where practicable, search ter m s used) 
JICST 



C. DOCUMEft rs CONSIDERED TO BE RELEVANT 



Category* 



"L" document Which 

cited to 

special reason 
~0" document 



"P" document] 
thin the i 



Date of the actual 
06 June 



Name and mailing 
Japanes 

Facsimile No. 



Form PCT/ISA/2 



1094S32A1 I 



INTERNATIONAL SEARCH REPORT 



priority 



a)fo£(o)fl1)^S)g 



EP 1 094 532 A1 



International application No. 

PCT/JP00/01915 



searched (classification system followed by classification symbols) 
H01M4/02, 4/04, 4/36-4/62, 10/36-10/40 



Citation of document, with indication, where appropriate, of the relevant passages 



JP, 10-312789, A (YUASA CORPORATION) , 
241 November, 1996 (24.11.98) (Family: none) 

J*L 9-171827, A (Sony Corporation) , 
3Q[june, 1997 (30.06.97) (Family: none) 

Jti 9-134724, A (Nippon Telegr. & Teleph. Corp. <NTT>) , 
20|May, 1997 (20.05.97) (Family: none) 



J*, 6-263207, A (Nippon Telegr. & Teleph. Corp. <NTT>) 
0?l October, 1994 (07.10.94) (Family: none) 



Relevant to claim No. 



1-26 



1-26 



1-26 



1-26 



I I Further dot si tments are listed in the continuation of Box C. £3 See patent family annex. 



Special categories of cited documents: 
"A" d ocument del ining the general state of the art which is cot 

be of particular relevance 
"ET earlier document but published on or after the imemational filing 



may throw doubts on priority claimU) or which is 
sh the publication dale of another citation Of other 
(as specified) 

to an oral disclosure, use, exhibition or other 



ret string 



published 



prior to the international filing date but later 
date claimed 



*T* later document published after the mternational filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"V document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents* such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



completion of the international search 
2000 (06.06.00) 



address of the ISA/ 
e Patent Office 



Date of mailing of the international search report 
20 June, 2000 (20.06.00) 



Authorized officer 
Telephone No. 



10 (second sheet) (July 1992) 



52 



